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0C (57) Abstract: The use of compounds of the present invention as antagonists and/or inverse agonists of the Cannabinoid-1 (CB l)re- 
^ ceplor particularly in the treatment, prevention and suppression of diseases mediated by the Cannabinoid-1 (CB1) receptor. The 
S invention is concerned with the use of these novel compounds to selectively antagonize the Cannabinoid-1 (CB1) receptor. As 
such, compounds of the present invention are useful as psychotropic drugs in the treatment of psychosis, memory deficits, cognitive 
£2 disorders, migraine, neuropathy, neoro -inflammatory disorders including multiple sclerosis and Guillain-Barre syndrome and the in- 
flammatory sequelae of viral encephalitis, cerebral vascular accidents, and head trauma, anxiety disorders, stress, epilepsy, Parkinson 
Q s disease, and schizophrenia. The compounds are also useful for the treatment of substance abuse disorders, particularly to opiates, 
^ alcohol, and nicotine. The compounds are also useful for the treatment of obesity or eating disorders associated with excessive food 
^ intake and complications associated therewith. Novel compounds of structural formula (I) are also claimed. 
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TITLE OF THE INVENTION 

SUBSTITUTED IMIDAZOLES AS CANNABINOID RECEPTOR MODULATORS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims priority of U.S. provisional application 
Serial No. 60/307,224, filed July 20, 2001. 



SUMMARY OF THE INVENTION 

The present invention is concerned with substituted imidazole of the 

10 general Formula I: 




CD 



and pharmaceutical^ acceptable salts thereof which are antagonists and/or inverse 
agonists of the Cannabinoid-1 (CB1) receptor and are useful in the treatment, 

15 prevention and suppression of diseases mediated by the Cannabinoid-1 (CB1) 
receptor. The invention is concerned with the use of these novel compounds to 
selectively antagonize the Cannabinoid-1 (CB1) receptor. As such, compounds of 
the present invention are useful as psychotropic drugs in the treatment of psychosis, 
memory deficits, cognitive disorders, migraine, neuropathy, neuro-inflammatory 

20 disorders including multiple sclerosis and Guillain-Barre syndrome and the 

mflammatory sequelae of viral encephalitis, cerebral vascular accidents, and head 
trauma, anxiety disorders, stress, epilepsy, Parkinson's disease, and schizophrenia. 
The compounds are also useful for the treatment of substance abuse disorders, 
particularly to opiates, alcohol, and nicotine. The compounds are also useful for the 

25 treatment of obesity or eating disorders associated with excessive food intake and 
complications associated therewith. 
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The present invention is also concerned with treatment of these 
conditions, and the use of compounds of the present invention for manufacture of a 
medicament useful in treating these conditions. 

Hie invention is also concerned with novel compounds of structural 

5 formula I. 

The invention is also concerned with pharmaceutical formulations 
comprising one of the compounds as an active ingredient 

The invention is further concerned with processes for preparing the 
compounds of this invention. 

10 

BACKGROUND OF THE INVENTION 

Marijuana {Cannabis sativa L) and its derivatives have been used for 
centuries for medicinal and recreational purposes. A major active ingredient in 
marijuana and hashish has been determined to be A9-tetrahydrocannabinol (A9-THC). 

15 Detailed research has revealed that the biological action of A9-THC and other 

members of the cannabinoid family occurs through two G-protein coupled receptors 
termed CB1 and CB2. The CB1 receptor is primarily found in the central and 
peripheral nervous systems and to a lesser extent in several peripheral organs. The 
CB2 receptor is found primarily in lymphoid tissues and cells. Three endogenous 

20 ligands for the cannabinoid receptors derived from arachidonic acid have been 

identified (anandamide, 2-arachidonoyl glycerol, and 2-arachidonyl glycerol ether). 
Each is an agonist with activities similar to A9-THC, including sedation, hypothermia, 
intestinal immobility, antinociception, analgesia, catalepsy, anti-emesis, and appetite 
stimulation. 

. 25 The genes for the respective cannabinoid receptors have each been 

disrupted in mice. The CB1"/- receptor knockout mice appeared normal and fertile. 
They were resistant to the effects of A9-THC and demonstrated a strong reduction in 
the reinforcing properties of morphine and the severity of withdrawal syndrome. 
They also demonstrated reduced motor activity and hypoalgesia. The CB2-/- receptor 
30 knockout mice were also healthy and fertile. They were not resistant to the central 
nervous system mediated effects of administered A9-THC. There were some effects 
on immune cell activation, reinforcing the role for the CB2 receptor in immune 
system functions. 
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Excessive exposure to A9-THC can lead to overeating, psychosis, 
hypotheacmia, memory loss, and sedation. Specific synthetic ligands for the 
cannabinoid receptors have been developed and have aided in the characterization of 
the cannabinoid receptors: CP55,940 (J. Pharmacol. Exp. Ther. 1988, 247, 1046- 

5 1051); WIN55212-2 (J. Pharmacol. Exp. Ther. 1993, 264, 1352-1363); SR141716A 
(FEBS Lett. 1994, 350, 240-244; Life Sci. 1995, 56, 1941-1947); and SR144528 (J. 
Pharmacol. Exp. Ther. 1999, 288, 582-589). The pharmacology and therapeutic 
potential for cannabinoid receptor ligands has been reviewed (Exp. Opin. Ther. 
Patents 1998, 8, 301-313; Ann. Rep. Mei Chem., A. Doherty, Ed.; Academic Press, 

10 NY 1999, Vol. 34, 199-208; Exp. Opin. Ther. Patents 2000, 10, 1529-1538; Trends in 
Phanna. Sci. 2000, 21, 218-224). There is at least one CB1 modulator characterized as 
an inverse agonist or an antagonist, N-(l-piperidinyl)-5-(4-chlorophenyl)-l-(2,4- 
dichIorophenyl)^-methylpyrazole-3-carboxamide (SR141716A), in clinical trials for 
treatment of eating disorders. There still remains a need for potent low molecular 

15 weight CB1 modulators that have pharmacokinetic and pharmacodynamic properties 
suitable for use as human pharmaceuticals. 

US Patents US 5,624,941 and US 6,028,084, PCT Application Nos. 
W098/43636 and W098/43635, andEPO Application No. EP-658546 disclose 
substituted pyrazoles having activity against the cannabinoid receptors. 

20 PCT Application Nos. W098/31227 and W098/41519 also disclose 

substituted pyrazoles having activity against the cannabinoid receptors. 

PCT Application Nos. WO98/37061, WO00/10967, and WO00/10968 
disclose diaryl ether sulfonamides having activity against the cannabinoid receptors. 
PCT Application Nos. WO97/29079 and WO99/02499 disclose 

25 alkoxy-isoindolones and alkoxy-quinolones as having activity against the cannabinoid 
receptors. 

US patent US 5,532,237 discloses N-benzoyl-indole derivatives having 
activity against the cannabinoid receptors. 

US patents US 4,973,587, US 5,013,837, US 5,081,122, and US 
30 5,1 12,820, US 5,292,736 disclose aminoalkylindole derivatives as having activity 
against the cannabinoid receptors. 

The compounds of the present invention are modulators of the 
Cannabinoid-1 (CB1) receptor and are useful in the treatment, prevention and 
suppression of diseases mediated by the Cannabinoid-1 (CB1) receptor. The 
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invention is concerned with the use of these novel compounds to selectively 
, antagonize the Cannabinoid-1 (CB1) receptor. As such, compounds of the present 
invention are useful as psychotropic drugs in the treatment of psychosis, memory 
deficits, cognitive disorders, migraine, neuropathy, neuro-inflammatory disorders 

5 including multiple sclerosis and Guillain-Barre syndrome and the inflammatory 
sequelae of viral encephalitis, cerebral vascular accidents, and head trauma, anxiety 
disorders, stress, epilepsy, Parkinson's disease, and schizophrenia. The compounds 
are also useful for the treatment of substance abuse disorders, particularly to opiates, 
alcohol, and nicotine. The compounds are also useful for the treatment of eating 

10 disorders by inhibiting excessive food intake and the resulting obesity and 
complications associated therewith. 

DETAILED DESCRIPTION OF THE INVENTION 

The compounds used in the methods of the present invention are 
15 represented by the compound of structural formula I: 




or a phannaceutically acceptable salt thereof, wherein; 



20 Rl is selected from: 



(1) hydrogen, 

(2) Ci-ioalkyl, 

(3) Ciz-lOalteny 1 * 

(4) C2-10alkynyl 



25 (5) cycloalkyl, 



(6) cycloalkyl-Ci-ioalkyl, 

(7) cycloheteroalkyl, 

(8) cycloheteroalkyl-Ci-ioalkyl, 

(9) aryl, 



-4- 
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(10) heteroaryl, 

(11) aryLCi-ioaJkyl, and 

' (12) heteroaryl-Ci-ioalkyl; 
wherein alky], alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
5 four substituents independently selected from R a , and aryl and heteroaryl are 

optionally substituted with one to four substituents independently selected from R b ; 
R2 is selected from: 

(1) Ci-ioalkyl, 

(2) C2-10 alkenyl, 
10 (3) C2-10 alkynyl, 

(4) cycloalkyl, 

(5) cycloalkyl-Ci-lOsdky 1 * 

(6) cycloheteroalkyl, 

(7) cycloheteroalkyl-Ci-ioalkyl, 
15 (8) aryl, 

(9) heteroaryl, 

(10) aryl-Ci-loalkyl, 

(11) heteroaryl-Ci-loalkyl, 

(12) -OR d , 

20 (13) -NR d R e , and 

(14) -NRdS(0)mRe; 

wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl, cycloheteroalkyl, and 
heteroaryl are optionally substituted with one to four substituents independently 

25 selected from Rb; 

Arl and Ar2 are independently selected from phenyl, naphthyl, thienyl, furanyl, 
pyrrolyl, benzothienyl, benzofuranyl, indanyl, indenyl, indolyl, tetrahydronaphthyl, 
2,3-dihydrobenzofuranyl, dihydrobenzopyranyl, and 1,4-benzodioxanyl, each 
optionaUy substituted with one or two groups independently selected from RC; 

30 each R a is independently selected from: 

(1) -ORd, 

(2) -NRdS(0)mRe, 

(3) -N0 2 , 

(4) halogen, 
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(5) -S(0) m R d 

(6) -SR d , 

(7) -S(0)20R d , 

(8) -S(0)mNRdRe, 
5 (9) -NR d R e , 

(10) -0(CR*RS)nNR d R e , 

(11) -C(0)R d 

(12) -C02R d , 

(13) -C02(CR f Rg) n CONR d R e , 
10 (14) -OC(0)R d , 

(15) -CN, 

(16) ^(OJNR^e, 

(17) -NR^^Re, 

(18) -OC(0)NRdR e , 
15 (19) -NR^OPRe 

(20) -NRdCCOJNR^Re, 

(21) -CRd(N-OR e ), 

(22) CF3, 

(23) -OCF3, 

20 (24) C3-8cycloalkyl, and 

(25) cycloheteroalkyl; 
each R b is independently selected from: 

(1) R a , 

(2) Cuoalkyl, 
25 (3) C2-10alkenyl, 

(4) C2-10 alkynyl, 

(5) aryl, and 

(6) aryl-Ci-ioalkyl; 

wherein alkyl, alkenyl, alkynyl, and aryl are optionally substituted with one to four 
30 substituents selected from a group independently selected from R c ; 
each R c is independently selected from: 

(1) halogen, 

(2) amino, 

(3) carboxy, 



-6- 



PCT/US02/23230 

WO 03/007887 



10 



15 



(4) Ci-4alkyl, 

(5) Ci-4allcoxy, 

(6) aryl, 

(7) aryl Ci-4alkyl, 

(8) hydroxy, 

(9) CF3, 

(10) OC(0)Ci-4alkyi, 

(11) OC(0)NR d R e , and 

(12) aryloxy; „ 
Rd ^ Re are independently selected from hydrogen, Cl-l0alkyl, unsubsfatoited or 
substituted with one to three substituents selected from Rh, C 2 -10 alkenyl; 
lOalkynyl; cycloalkyl, unsubstituted or substituted with one to three substrtuents 
selected from Rh; cycloalkyl-Ci-i 0 alkyl; cycloheteroalkyl, unsubstituted or 
substituted with one to three substituents selected from Rh; cycloheteroalkyl-Cl-10 
alkyl- aryl unsubstituted or substituted with one to three substituents selected from 
Rh; heteroaryl, unsubstituted or substituted with one to three substituents selected 
from Rh; aryl-Ci-ioalkyl; and heteroaryl-Ci-iOalkyl; or 

Rd and R« together with the atom(s) to which they are attached form a heterocyclic 
ring of 4 to 7 members containing 0-2 additional heteroatoms independently selected 
20 from oxygen, sulfur and N-Rd; 

Rf and RS are independentiy selected from hydrogen, Ci-ioalkyl, C 2 -10 alkenyl, C 2 ~ 
10 alkynyl; cycloalkyl; cycloalkyl-Ci-iO alkyl; cycloheteroalkyl; cycloheteroalkyl-Ci- 
10 alkyl; aryl; heteroaryl; aryl-Ci-10 alkyl; and heteroaryl-Ci-iO alkyl; or 
Rf and RS to gether with the c arbon to which they are attached form a ring of 5 to 7 
members containing 0-2 heteroatoms independently selected from oxygen, sulfur and 
nitrogen; 

each Rh is independently selected from: 

(1) halogen, 

(2) amino, 
30 (3) carboxy, 

(4) Ci^alkyl, 

(5) Ci-4alkoxy, 

(6) aryl, 

(7) aryl Ci-4alkyl, 



25 
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(8) hydroxy, 

(9) CF3, 

(10) 0C(O)Ci^allcyl, and 

(11) aryloxy; 

5 m is selected from 1 and 2; and 
n is selected from 1, 2, and 3; 
and pharmaceutically acceptable salts thereof, 

"Alkyl", as well as other groups having the prefix "alk", such as 
alkoxy, alkanoyl, means carbon chains which may be linear or branched or 

10 combinations thereof. Examples of alkyl groups include methyl, ethyl, propyl, 

isopropyl, butyl, sec- and tot-butyl, pentyl, hexyl, heptyl, octyl, nonyl, and the like. 

"Alkenyl" means carbon chains which contain at least one carbon- 
carbon double bond, and which may be linear or branched or combinations thereof. 
Examples of alkenyl include vinyl, allyl, isopropenyl, pentenyl, hexenyl, heptenyl, 1- 

15 propenyl, 2-butenyl, 2-methyl-2-butenyl, and the like. 

"AlkynyF* means carbon chains which contain at least one carbon- 
carbon triple bond, and which may be linear or branched or combinations thereof . 
Examples of alkynyl include ethynyl, propargyl, 3-methyl-l-pentynyl, 2-heptynyl and 
the like. 

20 "Cycloalkyl" means mono- or bicyclic or bridged saturated carbocyclic 

rings, each of which having from 3 to 10 carbon atoms. The term also includes 
monocyclic rings fused to an aryl group in which the point of attachment is on the 
non-aromatic portion. Examples of cycloalkyl include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, tetrahydronaphthyl, decahydronaphthyl, 

25 indanyl, and the like. 

"Aryl" means mono- or bicyclic aromatic rings containing only carbon 
atoms. The term also includes aryl group fused to a monocyclic cycloalkyl or 
monocyclic cycloheteroalkyl group in which the point of attachment is on the 
aromatic portion. Examples of aryl include phenyl, naphthyl, indanyl, indenyl, 

30 tetrahydronaphthyl, 2,3-dihydrobenzofuranyl, dihydrobenzopyranyl, 1,4- 
benzodioxanyl, and the like. 

"Heteroaryl" means a mono- or bicyclic aromatic ring containing at 
least one heteroatom selected from N, O and S, with each ring containing 5 to 6 
atoms. Examples of heteroaryl include pyrrolyl, isoxazolyl, isothiazolyl, pyrazolyl, 
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pyridyl, oxazolyl, oxadiazolyl, thiadiazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, 
furanyl, triazinyl, thienyl, pyrimidyl, pyridazinyl, pyrazinyl, benzoxazolyl, 
benzothiazolyl, benzimidazolyl, benzofuranyl, benzothiophenyl, furo(2,3-b)pyridyl, 
quinolyl, indolyl, isoquinolyl, and the like. 

5 "Cycloheteroalkyl" means mono- or bicyclic or bridged saturated rings 

containing at least one heteroatom selected from N, S and O, each of said ring having 
from 3 to 10 atoms in which the point of attachment may be carbon or nitrogen. The 
term also includes monocyclic heterocycle fused to an aryl or heteroaryl group in 
which the point of attachment is on the non-aromatic portion. Examples of 

10 "cycloheteroalkyl" include pynolidinyl, piperidinyl, piperazinyl, imidazolidinyl, 2,3- 
dihydrofuro(2,3-b)pyridyl, benzoxazinyl, tetrahydrohydroquinolinyl, 
tetrahydroisoquinohnyl, dihydroindolyl, and the like. The term also includes partially 
unsaturated monocyclic rings that are not aromatic, such as 2- or 4-pyridones attached 
through the nitrogen or N-substituted-(lH,3H)-py^ (N-substituted 

15 uracils). 

"Halogen" includes fluorine, chlorine, bromine and iodine. 

When any variable (e.g., Rl, R d , etc.) occurs more than one time in 
any constituent or in formula I, its definition on each occurrence is independent of its 
definition at every other occurrence. Also, combinations of substituents and/or 
20 variables are permissible only if such combinations result in stable compounds. 

Under standard nonmenclature used throughout this disclosure, the 
terminal portion of the designated side chain is described first, followed by the 
adjacent functionality toward the point of attachment For example, a Ci-5 
alkylcarbonylamino Ci-6 aUcyl substituent is equivalent to 

O 

25 -C^e alkyl-NH-li-C-,.5 alkyl . 

In choosing compounds of the present invention, one of ordinary skill 
in the art will recognize that the various substituents, i.e. R 1 , R 2 , etc., are to be chosen 
in conformity with well-known principles of chemical structure connectivity. 

The term "substituted" shall be deemed to include multiple degrees of 
30 substitution by a named substituted. Where multiple substituent moieties are 

disclosed or claimed, the substituted compound can be independently substituted by 
one or mom of the disclosed or claimed substituent moieties, singly or plurally. By 
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independently substituted, it is meant that the (two or more) substituents can be the 
same or different 

Compounds of Formula I may contain one or more asymmetric centers 
and can thus occur as racemates and racemic mixtures, single enantiomers, 
5 diastereomeric mixtures and individual diastereomers. The present invention is meant 
to comprehend all such isomeric forms of the compounds of Formula I. 

Some of the compounds described herein contain olefinic double 
bonds, and unless specified otherwise, are meant to include both E and Z geometric 
isomers. 

1° Some of the compounds described herein may exist with different 

points of attachment of hydrogen, referred to as tautomers. Such an example may be 
a ketone and its enol form known as keto-enol tautomers. The individual tautomers as 
well as mixture thereof are encompassed with compounds of Formula L 

Compounds of the Formula I may be separated into diastereoisomeric 

15 pairs of enantiomers by, for example, fractional crystallization from a suitable solvent, 
for example MeOH or ethyl acetate or a mixture thereof. Hie pair of enantiomers 
thus obtained may be separated into individual stereoisomers by conventional means, 
for example by the use of an optically active amine as a resolving agent or on a chiral 
HPLC column. 

20 Alternatively, any enantiomer of a compound of the general Formula I 

or la may be obtained by stereospecific synthesis using optically pure starting 
materials or reagents of known configuration. 

It is generally preferable to administer compounds of the present 
invention as enantiomerically pure formulations. Racemic mixtures can be separated 

25 into their individual enantiomers by any of a number of conventional methods. TJiese 
include chiral chromatography, derivatization with a chiral auxiliary followed by 
separation by chromatography or crystallization, and fractional crystallization of 
diastereomeric salts. 

The term i4 pharmaceuticaHy acceptable salts" refers to salts prepared 

30 from pharmaceutical^ acceptable non-toxic bases or acids including inorganic or 
organic bases and inorganic or organic acids. Salts derived from inorganic bases 
include aluminum, ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, 
manganic salts, manganous, potassium, sodium, zinc, and the like. Particularly 
preferred are the ammonium, calcium, magnesium, potassium, and sodium salts. Salts 

35 derived from pharmaceutical^ acceptable organic non-toxic bases include salts of 
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primary, secondary, and tertiary amines, substituted amines including naturally 
occurring substituted amines, cyclic amines, and basic ion exchange resins, such as 
arginine, betaine, caffeine, choline, NJST'-dibenzylethylenediamine, diethylamine, 2- 
diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N- 

5 ethyl-morpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, 

hydrabamine, isopropylamine, lysine, methylglucamine, morpholine, piperazine, 
piperidine, polyamine resins, procaine, purines, theobromine, triethylamine, 
trimethylamine, tripropylamine, tromethamine, and the like. The term 
"pharmaceutically acceptable salt" further includes all acceptable salts such as acetate, 

10 lactobionate, benzenesulfonate, laurate, benzoate, malate, bicarbonate, maleate, 
bisulfate, mandelate, bitartrate, mesylate, borate, methylbromide, bromide, 
methylnitrate, calcium edetate, methylsulfate, camsylate, mucate, carbonate, 
napsylate, chloride, nitrate, clavulanate, N-methylglucamine, citrate, ammonium salt, 
dihydrochloride, oleate, edetate, oxalate, edisylate, pamoate (embonate), estolate, 

15 palmitate, esylate, pantothenate, fumarate, phosphate/diphosphate, gluceptate, 
polygalacturonate, gluconate, salicylate, glutamate, stearate, glycollylarsanilate, 
sulfate, hexylresorcinate, subacetate, hydrabamine, succinate, hydrobromide, tannate, 
hydrochloride, tartrate, hydroxynaphthoate, teoclate, iodide, tosylate, isothionate, 
triethiodide, lactate, panoate, valerate, and the like which can be used as a dosage 

20 form for modifying the solubility or hydrolysis characteristics or can be used in 
sustained release or pro-drug formulations. 

It will be understood that, as used herein, references to the compounds 
of Formula I are meant to also include the pharmaceutically acceptable salts. 

In one embodiment of the present invention, Rl is selected from: 

25 (1) hydrogen, 

(2) Cuoalkyl, 

(3) C2-10alkenyl, 

(4) C2-10alkynyl, 

(5) cycloalkyl, 

30 (6) cycloalkyl-Cnoalkyl, 

(7) aryl-Ci-ioalkyl, and 

(8) heteroaryl-Ci-ioalkyl; 

wherein alky], alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl and heteroaryl are 
35 optionally substituted with one to four substituents independently selected from 
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In one class of this embodiment of the present invention, Rl is selected 

from: 

(1) hydrogen, and 

(2) Ci-io alkyl. 

5 In a subclass of this class of the present invention, Rl is selected from: 

(1) hydrogen, 

(2) methyl, and 

(3) ethyl 

In another subclass of this class of the present invention, Rl is selected 

10 from: 

(1) methyl, and 

(2) ethyl. 

In still another subclass of the present invention, Rl is methyl. 
In another embodiment of the present invention, R2 is selected from: 
15 (1) Ci-io alkyl, 

(2) C2-10alkenyl, 

(3) C2-10alkynyl, 

(4) cycloalkyl, 

(5) cycloalkyl-C no alkyl, 
20 (6) cycloheteroalkyl, 

(7) cycloheteroalkyl-C l-io alkyl, 

(8) aryl, 

(9) heteroaryl, 

(10) aryl-C no alkyl, 

25 (11) heteroaryl-C l-io alkyl, 

(12) -ORd, and 

(13) -NR d R e , 

wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl, cycloheteroalkyl, and 
30 heteroaryl are optionally substituted with one to four substituents independently 
selected from R b . 

In one class of this embodiment of the present invention, R 2 is selected 

from: 

(1) -ORd and 
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(2) -NRdRe. 

In one subclass of this class of the invention, R2 is -NRdRe. 
In one embodiment of the present invention, Arl and Ar2 are 
independently selected from phenyl, naphthyl, thienyl, each optionally substituted 
5 with one or two groups independently selected from R c ; 

In one class of this embodiment of the present invention, Arl and Ar2 
are phenyl, each optionally substituted with one or two groups independently selected 
fromRc. 

In a subclass of this class of the embodiment of the present invention, Arl and 
10 Ar 2 are each independently selected from: 

(1) phenyl, 

(2) 4-chlorophenyl, 

(3) 4-methylphenyl, and 

(4) 2,4-dichlorophenyl. 

15 Li another subclass of the present invention, Arl is 4-chlorophenyl, 

and Ar2 is 2,4-dichlorophenyl. 

In one embodiment of the present invention, each R a is independently 

selected from: 

(I) -OR d , 

20 (2) -NRdS(0)mRe, 

(3) -S(0)mR° 

(4) -SR d 

(5) -S(0) m NRdRe 

(6) -NR d R e , 

25 (7) -0(CR<Rg)nNR d R e , 

(8) -C02R d , 

(9) -CC^CCR^Rg^CONRdR 6 , 

(10) -OC(0)R d , 

(II) -C(0)NR d R e , 
30 (12) -NR<3C(0)R?, 

(13) -0C(O)NR d R e , 

(14) -NR d C(0)OR e , 

(15) -NR d C(0)NR d R e , 

(16) -CR^-ORe), 
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(17) -CF3, and 

(18) -OCF 3 . 

In another embodiment of the present invention, each R° is 
independently selected from: 

5 (1) R a , 

(2) halogen, 

(3) -CN, 

(4) CMOalkyl, 

(5) C2-10 alkenyl, 
10 (6) C2-10 alkynyl, 

(7) aryl, and 

(8) aryl-Ci-ioalkyl; 

wherein alkyl, alkenyl, alkynyl, and aryl are optionally substituted with one to four 
substituents selected from a group independently selected from R c ; 
.15 In one embodiment of the present invention, each R c is independently 

selected from: 

(1) halogen, 

(2) -NRtfee 

(3) Ci-4alkyl, 
20 (4) Ci-4alkoxy, 

(5) aryl Ci^alkyl, 

(6) hydroxy, 

(7) CF 3 , 

(8) -OCF3, 
25 (9) -C02R d , 

(10) -C(0)NRdRe ^ 

(11) -NRdc(0)Re. 

In a class of the present invention, each Rc is independentiy selected 

from: 

30 (1) halogen, 

(2) C1.4 alkyl, and 

(3) CF 3 . 

In one subclass of this class of the present invention, each Rc is independently 
selected from: 
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10 



15 



20 



(1) chloro, 

(2) fluoro, 

(3) methyl, and 

(4) CF3- 

In one embodiment of the present invention, R d andR e are 
independently sdectedfromhyd*^^^^ 

mlvl- cycloheteroalkyl; cycloheteroalkyl-Cl-loalkyl; aryl; heteroaryl; aryl-Ci 

heteroatoms independently selected from oxygen, snlfur and N-R 

In one class of this, embodiment of the present invention, R« and R 

areindependentlyselecte4^ 

ZyL attached form a heterocyclic ring of 4 to 7 members —g 0-1 addmonal 
hete ro atomsindependendyselectedfromoxygen,sulfurandN-R^ 

masnbclassofthisclas S ofthepresentinvention,Rd 1S selected from 

hydrogen, n^yl, ethyl, n^yUs^ 

cLloheptyl, piperidinyl, morpholinyl, pyrrolidinyl, cycloheteroalkyl, phenyl and 
nitroge'n to which they are attached fom a piperid^^ 



ring. 



myetanothersubclassofthisclassofthepresentinvention,Rd is 

selectedfremhydmgen.me^^ 
15 cyclohe*yl,cyclohep^^ 
p Lylandbenzyl;Reissel^ 

with the nitrogen to which they are attached form a piperidinyl, pyrrohdmyl, or 

morpholinyl ring. d . 

Inanothersnbclassofthisclassofthepresentinvention.R" is 

30 selectedfremcy^^ 

form a piperidinyl, or pyrrolidinyl ring. t , , 

myetanother S «bclassofthepresentinvention,Rd is selected from 

35 cyclohexyl and 1-piperidinyl; and Re is hydrogen. 
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In one embodiment of the present invention, R f and RS are 
independently selected from hydrogen, Ci-ioalkyl, cycloalkyl; cycloalkyl-Ci_io 
alkyl; cycloheteroalkyl; cycloheteroalkyl-Ci-io alkyl; aryl; heteroaryl; aryl-Ci-io 
alkyl; and heteroaryl-Ci-io alkyl; or 
5 R f and R8 together with the carbon to which they are attached form a ring of 5 to 7 
members containing 0-2 heteroatoms independently selected from oxygen, sulfur and 
nitrogen. 

In one embodiment of the present invention, each R^ is independently 

selected from: 
10 (1) halogen, 

(2) Ci^alkyl, 

(3) Ci-4alkoxy, 

(4) aryl Ci-4alkyl, 

(5) hydroxy, 
15 (6) CF 3 , 

(7) -OCF3, 

(8) -C02R d , and 

(9) -C(0)NRdRe ; 

In a class of die present invention, each Rh is independently selected 

20 from: 

(1) halogen, 

(2) Ci-4 alkyl, and 

(3) CF 3 . 

In one subclass of this class of the present invention, each Rh is independently 
25 selected from: 

(1) chloro, 

(2) fluoro, 

(3) methyl, and 

(4) CF 3 . 

30 Particular novel compounds which may be employed in the methods, 

uses and compositions of the present invention, include: 

(1) benzyl 4,5-diphenyl-l-methylimidazole-2-cafboxylate, 

(2) benzyl 4,5^-(4-methylphenyl>l-methylimidazole-2-carboxylate, 

(3) ethyl 4,5-di-(4-methylphenyl)-l-methylimidazole-2-caiboxylate, 
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(4) JV~(piperidin-l-yl)-4,5^ipte^ 

(5) 2-(piperidin-l-yIcar^ 

(6) JV-(moi^hoHn^yl)^,5-diphenyl-l~methyliiiri 

(7) J^phenyM,5~diphenyl-l-methylimidazoIe-2^arboxaniide, 
5 (8) N-hexyM,5-diphenyl-l-methylin)idazoIe-2-carboxamide a 

(9) N-cyclohexyM,5-diph^ 

(10) W-(piperidin-l-ylM,5-d^ 
carboxamide, 

(1 1) 2-(piperidin-l-ylcarbonyl)-4,5-di-(4-methylphenyl)-l- 
10 methylimidazole, 

(12) i\HmorphoHn-4-ylM,5^K4^^ 
carboxamide, 

(13) 2-(pyiroUcHn-l-ylcarbonylH,5-di-(4-inethylphenyl>l- 
methylimidazole, 

15 (14) j^ben2yl-4,5^K^^^ 

(15) JV-phenylA5^-(4~methylph^ 

(16) JV-hexyM,5^H4-metoylph^ 

(17) i\R4)utyl-4,5^-(4-methylph^ 

(18) JV-cyclohexyM,5^-(4-methylpte^ 
20 carboxamide, 

(19) N-propyM,5-dH4-methylpte^ 

(20) j\T-methyl^5-di-(4~me^ 

(21) benzyl 4^^<4^hlorophenyI)-l-methylimidazole-2-carboxylate, 

(22) J\Hpiperidin-l-yl)^ 
25 carboxamide, 

(23) 2-(piperidin-l-ylcaAonylM^ 

(24) JV-(morpholin-l-ylH,5^-(4-cWorophenyl)-l-methyHim 
carboxamide, 

(25) JV-(hexylM>5^-(4-cWorophm^^ 
30 (26) N<t-butylM,5^^4^hloroph^^ 

(27) JVKcyclohexyOAS-di-^^ 
carboxamide, 

(28) J\^hexyM,5^-(4-chIorophenyl)^ 

(29) iV-cyclohexyM,5^-(4^hloro^ 

35 (30) JV-t-butyM,5^^4^hloropheny])im 
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(31) benzyl 4,5-di-(4-chlorophenyl)-l-(2- 
(trimethylsilyl)ethoxyinethy^ 

(32) i\T-(piperidin-l-yI>4,5-di-^^ 

(33) i\T-(piperidin-l-yl)-4,5-di^ 
5 carboxamide, 

(34) iV L (cyclohexylH^^-(2,4^chlorophenyl)-l-meftyljto 
carboxamide, 

(35) iV^piperidin-l-yl)-4^4-cMoro^^ 
methylimidazole-2-caiboxamide, 

10 (36) A^(cyclohexyl)^(4-chloiophenyl>5"(2 J 4-^chlorophenyl)-l-- 

methylinudazole-2-caiboxamide, 

(37) iV-(hexyJ)^4^hlorophenyl)-5-(2,4-dichloropheny]>l- 
methyliirridazole-2-carboxairride, 

(38) iVKt-butyl)^4^Worophenyl)-5K2,4-^chlcw:opheTiy])-l- 
15 methyliniidazoIe-2-carboxairride, 

(39) iHcyclohexyl)-4-(2,4-<Kchto^^ 
methylimidazole-2-carboxamide, 

(40) #-(piperidin-l-yl)-4^ - 
methylimidazole-2-caiboxamide, 

20 (41) #-(cycloheptyI>4-(2,4-dfc^ 

methylimidazole-2-carboxamide, 

(42) j^cydopenty])-4-(2,4^cMoio^ 
methyUmidazole-2-carboxamide, 

(43) i\^morphoHn^yl)^(2,4-dichloroph^ 
25 methylimidazole-2-caiboxamide, 

(44) iV-(phenyl)-^2,4-dicMorophenyl)-5-(4-cMorophenyl>- 1- 
methylimidazole-2-carboxamide, 

(45) 2V-(piperidin-l-yl)-4-(4-chI^^^ 
ethylimidazoIe-2-carboxamide, 

30 (46) ^(cyclohexyl)^4^morophenyl>5^2,4-^cWorophenyl)-l- 

ethylimidazole-2-carboxamide, 

(47) N-(hexyl)-^(4-chlorophenyl)-5-<2,4-dichlorophenyl)-l- 
ethylimidazole-2-carboxamide, 

(48) i\T-(cycIohexyl)^2 s 4«dichlorophenyl)-5-(4-chlorophenyl)-l- 
35 ethyliinidazole-2-carboxainide, 
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(49) cyclohexyl 4-(2,4^ichlorophenyl)-5-(4-chlorophenyl)-l- 
methylimidazole-2-carboxylate, 

(50) HvtW**^^ 
methylimidazole-2-carboxylate, 

5 (51) ethyl 4-(2/Ufich^^^ 

carboxylate, 

(52) N-CcyclohexyW^cUotophenylW^WorophenylH- 
ethylimidazole-2-carboxamide, 

(53) N-(cyclohexylW2,^^^ 
me thyl)ethyl-imidazole-2-carboxaniide, 

(54) N-(cyclohexyl)-4-(2,^^^ 
dimethyl)ethyl-iniidazole-2-caiboxaiiiide, 

(55) N**clohexyW,4^^^^ 
dimethylanuno)elhylimidazole-2^arboxairude, 

15 (56) N^cyclohexyW^chlotopheny^-chlotophenyl)-!- 

butylimidazole-2-carboxamide, 

(57) N-(cydohexyl)-4-(^^^ 
methoxy)ethylimidazole-2-cafboxamide, 

(58) N-(piperidin-l-yl)^^^^ 

n me1 hyl-imidazole-2-catboxamide, 

(59) N-<pym>fidiB-l-yl>*^^ 
methyl-imidazole-2-carboxamide, 

(60) N-Cazepm-l-ylVS^ 
imidazole-2-catboxamide, 

25 (61) N^tylW2.4^cU(^h^yl>5^hlorophenyl>l- 

methylimidazole-2-carboxamide, 

(62) N-Q^thylpropyW^d^^ 
methylimidazole-2-carboxamide, 

(63) N-<l-m0hylethyW^^ 

30 methyUmidazole-2-carboxaniide, 

(64) N-(3-cyclohexe n yl)^^ 
methyUmidazole-2-caiboxamide, 

(65) N-Oetrahy&o^^^ 
l-methyliimdazole-2-carboxanride, 
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(66) N<2£-dimethyl4etrah^ 
chlorophenyl)-l-melhyliinidazole-2-carboxainide, 

(67) N^(2-trans-hydroxymethyl)cyclohexyl)^(2,4-dicMorophenyl^^ 
chlorophenyl)-l-methyliinidazole-2^arboxamide, 

5 (68) N^(2^s-hydroxymethyl)cyclohexyl)^^ 

chloiophenyl)-l-methylimidazole-2-caiboxairdde, 

(69) N^(2-trans-hydroxy)cyclohexyl)^(2,4-dichlorophenyl>5-{4- 
chlorophenyl)-l-methylimidazoIe-2-caiboxamide, 

(70) N-((2^ris-hydroxy)cyclohexyl>4-(2,4-dichloiophenyl)-5-(4- 
10 cMorophenyl)-l-metbylimida2oIe-2^aiboxairdde, 

(7 1) N-((4-trans-hydroxy)cyc^ 
chloK)phenyl)-l-methylimidazole-2^arboxamide, 

(72) N-(4-methy]K;yclohexyl)^2,4-dicM^ 

1 -methylimidazole-2-carboxaiiiide (Isomer A), 
15 (73) N-(4-methyl^yclohexylMK2,^^ 

l-methylimidazole-2-carboxamide (Isomer B), 

(74) N-(l-fluoro-cyclohexen-4-yl>4-(2,4-dichlorophenyl>5-(4- 
- cUoiophenyl)-l-methyUmidazole-2-carboxamide, 

(75) N-(4,4-difluoro-cyclohexyl)-4-(2,4-dicMorophenyl)-5-(4- 
20 chlorophenyI^l-methyUmidazole-2-carboxamide, 

(76) 4-(2,4-dicUorophenyl)-5<4K:hloiophenyl)-l-methylimidazole-2- 
caiboxamide, 

(77) N-(piperidin-l-yl>5-(4^Moro^^ 
imidazole-2-caiboxamide, 

25 (78) N-(piperidin-l-yl>5-(4^hlo^ - 

methy])ethyl-imidazole-2-carboxamide, 

(79) N^peridin-l-yl>5^4^hloro^ 
dimethyl)ethyl4midazole-2-carboxamide, 

(80) N^iperidin-l-yl)-5K4^h]OT^^^ 

30 dimethylainino)ethyHmidazoIe-2^arboxarmde, 

(81) N-(piperidm-l-yi>5^4^Moro^^ 
propyl-imidazole-2-carboxamide, 

(82) N-(piperidin-l-yl>5-(4K:M^^ 
imidazole-2-carboxamide, 
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(83) N-(piperidin-l-yl^ 
methoxy)ethyl4midazole-2-cafboxainide, 

(84) N-(cyclohexylH-(2-chlorophenyl)-5K4^hlorophenyl)4- 
methyhiiridazole-2-cartx)xamide, 

5 (85) N-(pipaad^ 

imidazole-2^arboxamide, 
and pharmaceutically acceptable salts thereof. 

In one embodiment of the present invention, a compound selected from 
the following novel compounds is employed: 
10 (l) NKcyclohexylM<2,4^^ 

me1hylimidazole-2^arboxamide, 

(2) i^(cyclohexyl)^2,4-dichlorophenyl)-5^4-chlorophenyl>l- 
ethylimidazole-2-carboxamide, 

(3) tf-(piperidin-^ 

15 methylimidazole-2-carboxamide, 

(4) jv^cyclohexylM^ 
carboxamide, 

(5) iV^(cycloheptyl)^2,4^chlorophenyl)-5-(4-chlorophenyl)-l- 

methyhmidazole-2-carboxamide, 

20 (6) tf<piperidin-l-^^^ 

carboxamide, 

(7) J\T^cyclopentylHK2,4-dichloiophenyl)-5-(4-chlorophenyl)-l- 

methyliinidazole-2-carboxamide, 
and pharmaceutically acceptable salts thereof. 
25 In one class of this embodiment, a compound selected from the 

following novel compounds is employed; 

(1) i^<cyclohexyl)^(2,4^chlorophenyl)-5-(4-chlorophenyl)-l- 

methylii3Qidazole-2-carboxamide, 

(2) JV^pericKn-l-yl)^ 

30 methylimidazole-2-carboxamide, 

(3) JVKcyclohexylM>5^<2^ 
carboxamide, 

and pharmaceutically acceptable salts thereof. 

Compounds of this invention are modulators of the CB1 receptor and 
35 as such are useful for the prevention and treatment of disorders or diseases associated 
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with the CB 1 receptor. Accordingly, another aspect of the present invention provides 
a method for the treatment (including prevention, alleviation, amelioration or 
suppression) of diseases or disorders or symptoms mediated by CB1 receptor binding 
and subsequent cell activation, which comprises administering to a mammal an 
• 5 effective amount of a compound of Formula L Such diseases, disorders, conditions or 
symptoms are, for example, psychosis, memory deficits, cognitive disorders, 
migraine, neuropathy, anxiety disorders, depression, stress, epilepsy, Parkinson's 
disease, schizophrenia, substance use disorders, particularly to opiates, alcohol, and 
nicotine, obesity, and eating disorders associated with excessive food intake and the 

10 resulting obesity and complications associated therewith. 

Hie terms "administration of and or "administering a" compound 
should be understood to mean providing a compound of the invention or a prodrug of 
a compound of the invention to the individual in need of treatment. 

The administration of the compound of structural formula I in order to 

15 practice the present methods of therapy is carried out by administering an effective 
amount of the compound of structural formula I to the patient in need of such 
treatment or prophylaxis. Hie need for a prophylactic administration according to the 
methods of the present invention is determined via the use of well known risk factors. 
The effective amount of an individual compound is determined, in the final analysis, 

20 by the physician in charge of the case, but depends on factors such as the exact 

disease to be treated, the severity of the disease and other diseases or conditions from 
which the patient suffers, the chosen route of administration other drugs and 
treatments which the patient may concomitantly require, and other factors in the 
physician's judgment 

25 The utilities of the present compounds in these diseases or disorders 

may be demonstrated in animal disease models that have been reported in the 
literature. The following are examples of such animal disease models: a) suppression 
of food intake and resultant weight loss in rats (Life Sciences 1998, 63, 113-117); b) 
reduction of sweet food intake in marmosets (Behavioural Phann. 1998, 9, 179-181); 

30 c) reduction of sucrose and ethanol intake in mice (Psychopharm. 1997, 132, 104- 
106); d) increased motor activity and place conditioning in rats (Psychopharm. 1998, 
135, 324-332; Psychopharmacol 2000, 151: 25-30) ; e) spontaneous locomotor 
activity in mice (J. Pharm. Exp. Then 1996, 277, 586-594); f) reduction in opiate self- 
administration in mice (Sci. 1999, 283, 401-404); 
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The magnitude of prophylactic or therapeutic dose of a compound of 
Formula I will, of course, vary with the nature of the severity of the condition to be 
treated and with the particular compound of Formula I and its route of administration. 
It will also vary according to the age, weight and response of the individual patient 
5 In general, the daily dose range lie within the range of from about 0.001 mg to about 
100 mg per kg body weight of a mammal, preferably 0.01 mg to about 50 mg per kg, 
and most preferably 0.1 to 10 mg per kg, in single or divided doses. On the other 
hand, it may be necessary to use dosages outside these limits in some cases. 

For use where a composition for intravenous administration is 
10 employed, a suitable dosage range is from about 0.001 mg to about 25 mg (preferably 
from 0.01 mgto about 1 mg) of a compound of Formula I per kg of body weight per 
day and for cytoprotective use from about 0.1 mg to about 100 mg (preferably from 
about 1 mg to about 100 mg and more preferably from about 1 mg to about 10 mg) of 
a compound of Formula I per kg of body weight per day. 
15 in the case where an oral composition is employed, a suitable dosage 

range is, e.g. from about 0.01 mg to about 100 mg of a compound of Formula I per 
day, preferably from about 0.1 mg to about 10 mg per day. For oral administration, 
the compositions are preferably provided in the form of tablets containing from 0.01 
to 1,000 mg, preferably 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 
20 40.0, 50.0 or 1000.0 milligrams of the active ingredient for the symptomatic 
adjustment of the dosage to the patient to be treated. 

For the treatment of diseases of the eye, ophthalmic preparations for 
ocular administration comprising 0.001-1% by weight solutions or suspensions of the 
compounds of Formula I in an acceptable ophthalmic formulation may be used. 
25 Another aspect of the present invention provides pharmaceutical 

compositions which comprises a compound of Formula I and a pharmaceutically 
acceptable carrier. The term "composition", as in pharmaceutical composition, is 
intended to encompass a product comprising the active ingredients), preferably 
present in pharmaceutically effective amounts, and the inert ingredients) 
30 (pharmaceutically acceptable excipients) that make up the carrier, as well as any 
product which results, directly or indirecdy, from combination, complexation or 
aggregation of any two or more of the ingredients, or from dissociation of one or more 
of the ingredients, or from other types of reactions or interactions of one or more of 
the ingredients. Accordingly, the pharmaceutical compositions of the present 
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invention encompass any composition made by admixing a compound of Formula I, 
additional active ingredient(s), and phannaceutically acceptable excipients. 

The term "phannaceutically effective amount"of an active ingredient 
such as a compound of structural formula I, it is intended to encompass amounts of 
5 the ingredient that are therapeutically or prophylatically useful in treating or 
preventing disease, particularly diseases associated with modulation of the 
Cannabinoid 1 receptor. 

Any suitable route of administration may be employed for providing a 
mammal, especially a human with an effective dosage of a compound of the present 
10 invention. For example, oral, rectal, topical, parenteral, ocular, pulmonary, nasal, and 
the like may be employed. Dosage forms include tablets, troches, dispersions, 
suspensions, solutions, capsules, creams, ointments, aerosols, suppositories and the 
like. 

The pharmaceutical compositions of the present invention comprise a 
15 compound of Formula I as an active ingredient or a phannaceutically acceptable salt 
thereof, and may also contain a phannaceutically acceptable carrier and optionally 
other therapeutic ingredients. By "phannaceutically acceptable" it is meant the 
carrier, diluent or excipient must be compatible with the other ingredients of the 
formulation and not deleterious to the recipient thereof. In particular, the term 
20 "phannaceutically acceptable salts" refers to salts prepared from phannaceutically 
acceptable non-toxic bases or acids including inorganic bases or acids and organic 
bases or acids. 

The compositions include compositions suitable for oral, rectal, 
topical, parenteral (including subcutaneous, intramuscular, and intravenous), ocular 

25 (ophthalmic), pulmonary (aerosol inhalation), or nasal administration, although the 
most suitable route in any given case will depend on the nature and severity of the 
conditions being treated and on the nature of the active ingredient They may be 
conveniently presented in unit dosage foim and prepared by any of the methods well- 
known in the art of pharmacy, 

30 For administration by inhalation, the compounds of the present 

invention are conveniently delivered in the form of an aerosol spray presentation from 
pressurized packs or nebulizers. The compounds may also be delivered as powders 
which may be formulated and the powder composition may be inhaled with the aid of 
an insufflation powder inhaler device. Hie prefened delivery systems for inhalation 
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are metered dose inhalation (MODI) aerosol, which may be formulated as a suspension 
or solution of a compound of Formula I in suitable propellants, such as fluorocaibons 
or hydrocarbons and dry powder inhalation (DPI) aerosol, which may be formulated 
as a dry powder of a compound of Formula I with or without additional excipients. 
5. Suitable topical formulations of a compound of formula I include 

transdermal devices, aerosols, creams, ointments, lotions, dusting powders, and the 
like. Topical preparations containing the active drug component can be admixed with 
a variety of carrier materials well known in the art such as, e.g., alcohols, aloe vera 
gel, allantoin, glycerine, vitamin A and E oils, mineral oil, PFG2 myristyl propionate, 
: 10 and the like. To be administered in the form of a transdermal delivery system, the 
dosage administration will, of course, be continuous rather than f intermittent 
throughout the dosage regimen. 

The compounds of the present invention can also be administered in 
the form of lipsome delivery systems, such as small unilamellar vesicles, large 
15 unilamellar vesicles and multilamellar vesicles. Liposomes can be formed from a 
varliety of phospholipids, such as cholesterol, sterylamine or phosphatidylcholines. 

Compounds of the present invention may also be delivered by the use 
fo monoclonal antibodies as individual carriers to which the compound molecules are 
coupled. The compounds of the present invention may also be coupled with soluble 
20 polymers as targetable drug carriers. Such polymers can include 

polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide phenol, 
polyhydroxyethylasparamidepheon, orpolyethyleneoxidepolylysine substituted with 
palmitoyl residues. Furthermore, the copounds of the present invention may be 
coupled to a class of biodegradable polymers useful in achieving controlled release of 
25 a drug, for example, polyiactic acid, polyepsilon caprolactone, polyhydroxybutyric 
acid, polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates and cross- 
linked or amphipathic block copolymers of hydrogels. 

Compounds of the present invention may also be delivered as a 
suppository employing bases such as cocoa butter, glycerinated gelatin, hydrogenated 
30 vegetable oils, mixtures of polyethylene glycols of various molecular weights and 
fatty acid esters of polyethylene glycol. 

In practical use, the compounds of Formula I can be combined as the 
active ingredient in intimate admixture with a pharmaceutical carrier according to 
conventional pharmaceutical compounding techniques. The carrier may take a wide 
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variety of forms depending on the form of preparation desired for administration, e.g., 
oral or parenteral (including intravenous). In preparing the compositions for oral 
dosage form, any of the usual pharmaceutical media may he employed, such as, for 
example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring 
5 agents and the' like in the case of oral liquid preparations, such as, for example, 
suspensions, elixirs and solutions; or carriers such as starches, sugars, 
microcrystalline cellulose, diluents, granulating agents, lubricants, binders, 
disintegrating agents and the like in the case of oral solid preparations such as, for 
example, powders, capsules and tablets, with the solid oral preparations being 

10 preferred over the liquid preparations. Because of their ease of administration, tablets 
and capsules represent the most advantageous oral dosage unit form in which case . 
solid pharmaceutical carriers are obviously employed. If desired, tablets may be 
coated by standard aqueous or nonaqueous techniques. 

In addition to the common dosage forms set out above, the compounds 
* 15 of Formula I may also be administered by controlled release means and/or delivery 
devices such as those described in U.S. Patent Nos. 3,845,770; 3,916,899; 3,536,809; 
3,598,123; 3,630,200 and 4,008,719. 

Pharmaceutical compositions of the present invention suitable for oral 
administration may be presented as discrete units such as capsules, cachets or tablets 

20 each containing a predetermined amount of the active ingredient, as a powder or 
granules or as a solution or a suspension in an aqueous liquid, a non-aqueous liquid, 
- an oil-in-water emulsion or a water-in-oil liquid emulsion. Such compositions may be 
• prepared by any of the methods of pharmacy but all methods include the step of 
bringing into association the active ingredient with the carrier which constitutes one 

25 or more necessary ingredients. In general, the compositions are prepared by 

uniformly and intimately admixing the active ingredient with liquid carriers or finely 
divided solid carriers or both, and then, if necessary, shaping the product into the 
desired presentation. For example, a tablet may be prepared by compression or 
molding, optionally with one or more accessory ingredients. Compressed tablets may 

30 be prepared by compressing in a suitable machine, the active ingredient in a free- 
flowing form such as powder or granules, optionally mixed with a binder, lubricant, 
inert diluent, surface active or dispersing agent. Molded tablets may be made by 
molding in a suitable machine, a mixture of the powdered compound moistened with 
an inert liquid diluent Desirably, each tablet contains from 0.01 to 500 mg, 
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particularly 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 3.0, 5.0, 6.0, 10.0, 15.0, 25.0, 50.0, 75, 100, 
125, 150, 175, 180, 200, 225, and 500 milligrams of the active ingredient for the 
symptomatic adjustment of the dosage to the patient to be treated, and each cachet or 
capsule contains from about 0.01 to 500 mg, particularly 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 
5 3.0, 5.0, 6.0, 10.0, 15.0, 25.0, 50.0, 75, 100, 125, 150, 175, 180, 200, 225, and 500 
milligrams of the active ingredient for the symptomatic adjustment of the dosage to 
the patient to be treated. 

Exemplifying the invention is a pharmaceutical composition 
comprising any of the compounds described above and a pharmaceutically acceptable 

10 carrier. Also exemplifying the invention is a pharmaceutical composition made by 
combining any of the compounds described above and a pharmaceutically acceptable 
carrier. An illustration of the invention is a process for making a pharmaceutical 
composition comprising combining any of the compounds described above and a 
pharmaceutically acceptable carrier. 

15 The dose may be administered in a single daily dose or the total daily 

dosage may be administered in divided doses of two, three or four times daily. 
Furthermore, based on the properties of the individual compound selected for 
administration, the dose may be administered less frequently, e.g., weekly, twice 
weekly, monthly, etc, The unit dosage will, of course, be correspondingly larger for 

20 the less frequent administration. 

When administered via intranasal routes, transdermal routes, by rectal 
or vaginal suppositories, or through a continual intravenous solution, the dosage 
administration will, of course, be continuous rather than intermittent throughout the 
dosage regimen. 

25 The following are examples of representative pharmaceutical dosage 

forms for the compounds of Formula L 

Injectable Suspension QJML) mg/mL 

Compound of Formula I 10 

Methylcellulose 5.0 
30 Tween 80 0.5 

Benzyl alcohol 9.0 

Benzalkonium chloride 1 .0 

Water for injection to a total volume of 1 mL 



-27- 



WO 03/007887 PCT/US02/23230 



Tablet 

Compound of Formula I 
Microcrystalline Cellulose 
Povidone 

Pregelatinized Starch 
Magnesium Stearate 



mg/tablet 

25 

415 

14.0 

43.5 

2.5 

500 



Capsule 



10 Compound of Formula I 
Lactose Powder 
Magnesium Stearate 



mgfcapsule 



25 

573.5 

1.5 

600 



15 Aerosol 



Per canister 



20 



25 



30 



Compound of Formula I 24 mg 

Lecithin, NF Liq. Cone. 1.2 mg 

Trichlorofluoromethane, NF 4.025 g 

Dichlorodifluoromethane, NF 12. 15 g 



Compounds of Formula I may be used in combination with other drugs 
that are used in the treatment/prevention/suppiession or amelioration of the diseases 
or conditions for which compounds of Formula I are useful. Such other drugs may be 
administered, by a route and in an amount commonly used therefor, 
contemporaneously or sequentially with a compound of Formula L When a 
compound of Formula I is used contemporaneously with one or more other drugs, a 
pharmaceutical composition containing such other drugs in addition to the compound 
of Formula I is preferred. Accordingly, the pharmaceutical compositions of the 
present invention include those that also contain one or more other active ingredients, 
in addition to a compound of Formula L Examples of other active ingredients that 
may be combined with a compound of Formula I, either administered separately or in 
the same pharmaceutical compositions, include, but are not limited to: 

It will be appreciated that for the treatment or prevention of eating 
disorders, including obesity, bulimia nervosa and compulsive eating disorders, a 
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compound of the present invention may be used in conjunction with other anorectic 
agents. 

The present invention also provides a method for the treatment or 
prevention of eating disorders, which method comprises administration to a patient in 

5 need of such treatment an amount of a compound of the present invention and an 
amount of an anorectic agent, such that together they give effective relief. 

Suitable anoretic agents of use in combination with a compound of the 
present invention include, but are not limited to, aminoxex, amphechloral, 
amphetamine, benzphetamine, chlorphenteimine, clobenzorex, cloforex, clominorex, 

10 clortermine, cyclexedrine, dexfenfluramine, dextroamphetamine, diethylpropion, 
diphemethoxidine, AT-ethyiamphetamine, fenbutrazate, fenfluramine, fenisorex, 
fenproporex, fludorex, fluminorex, furfurylmethylamphetamine, levamfetamine, 
levophacetoperane, mazindol, mefenorex, metamfepramone, methamphetamine, 
norpseudoephedrine, pentorex, phendimetrazine, phenmetrazine, phentermine, 

15 phenylpropanolamine, picilorex and sibutramine; and pharmaceutically acceptable 
salts thereof. 

A particularly suitable class of anorectic agent are the halogenated 
amphetamine derivatives, including chlorphentermine, cloforex, clortermine, 
dexfenfluramine, fenfluramine, picilorex and sibutramine; and pharmaceutically 
20 acceptble salts thereof 

Particularly preferred halogenated amphetamine derivatives of use in 
combination with a compound of the present invention include: fenfluramine and 
dexfenfluramine, and pharmaceutically acceptable salts thereof. 

It will be appreciated that for the treatment or prevention of obesity, 
25 the compounds of the present invention may also be used in combination with a 
selective serotonin reuptake inhibitor (SSRJ). 

The present invention also provides a method for the treatment or 
prevention of obesity, which method comprises administration to a patient in need of 
such treatment an amount of a compound of the present invention and an amount of 
30 an SSRI, such that together they give effective relief. 

Suitable selective serotonin reuptake inhibitors of use in combination 
with a compound of the present invention include: fluoxetine, fluvoxamine, 
paroxetine and sertraline, and pharmaceutically acceptable salts thereof. 
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The present invention also provides a method for the treatment or 
prevention of obesity, which method comprises administration to a patient in need of 
such treatment an amount of a compound of the present invention and an amount of 
growth hormone secretogogues such as those disclosed and specifically described in 
5 US Patent 5,536,716; melanocortin agonists such as Melanotan II or those described 
in WO 99/64002 and WO 00/74679; £-3 agonists such as those disclosed and 
specifically described in patent publications W094/18161, W095/29159, 
W097/46556, WO98/04526 and W098/32753; 5HT-2 agonists; orexin antagonists; 
melanin concentrating hormone antagonists; galanin antagonists; CCK agonists; GLP- 
10 1 agonists; corticotropin-releasing hormone agonists; NPY-5 antagonists; and Yl 
antagonists, such that together they give effective relief 

As used herein "obesity" refers to a condition whereby a mammal has 
a Body Mass Index (BMI), which is calculated as weight per height squared (kg/m 2 ), 
of at least 25,9. Conventionally, those persons with normal weight, have a BMI of 
15 19.9 to less than 25.9. 

It will be appreciated that for the treatment or prevention of obesity, 
the compounds of the present invention may also be used in combination with 
histamine receptor-3 (H3) modulators, melanin concentrating hormone-1 receptor 
(MCH1R) antagonists, melanin concentrating hormone-2 receptor (MCH2R) agonists 
20 and antagonists and/or phosphodiesterase^ (PDE3B) inhibitors. 

The obesity herein may be due to any cause, whether genetic or 
environmental. Examples of disorders that may result in obesity or be die cause of 
obesity include overeating and bulimia, polycystic ovarian disease, 
craniopharyngioma, the Prader-Willi Syndrome, Frohlich's syndrome, Type II 
25 diabetes, GH-deficient subjects, normal variant short stature, Turner's syndrome, and 
other pathological conditions showing reduced metabolic activity or a decrease in 
resting energy expenditure as a percentage of total fat-free mass, e.g, children with 
acute lymphoblastic leukemia. 

treatment 9 * (of obesity) refers to reducing the BMI of the mammal to 
30 less than about 25.9, and maintaining that weight for at least 6 months. The treatment 
suitably results in a reduction in food or calorie intake by the mammal. 

"Prevention" (of obesity) refers to preventing obesity from occurring if 
the treatment is administered prior to the onset of the obese condition. Moreover, if 
treatment is commenced in already obese subjects, such treatment is expected to 
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prevent, or to prevent the progression of, the medical sequelae of obesity, such as, 
e.g., arteriosclerosis, Type II diabetes, polycystic ovarian disease, cardiovascular 
diseases, osteoarthritis, dermatological disorders, hypertension, insulin resistance, 
hypercholesterolemia, hypertriglyceridemia, and cholelithiasis. 
5 It will be appreciated that for the treatment or prevention of migraine, a 

compound of the present invention may be used in conjunction with other anti- 
migraine agents, such as ergotamines or 5-HT! agonists, especially sumatriptan, 
naratriptan, zolmatriptan or rizatriptan. 

It will be appreciated that for the treatment of depression or anxiety, a 
10 compound of the present invention may be used in conjunction with other anti- 
depressant or anti-anxiety agents. 

Suitable classes of anti-depressant agents include norepinephrine 
reuptake inhibitors, selective serotonin reuptake inhibitors (SSRIs), monoamine 
oxidase inhibitors (MAOIs), reversible inhibitors of monoamine oxidase (RIMAs), 
15 serotonin and noradrenaline reuptake inhibitors (SNRIs), corticotropin releasing 

factor (CRF) antagonists, a-adrenoreceptor antagonists and atypical anti-depressants. 

Suitable norepinephrine reuptake inhibitors include tertiary amine 
tricyclics and secondary amine tricyclics. Suitable examples of tertiary amine 
tricyclics include: amitriptyline, clomipramine, doxepin, imipramine and 
20 trimipramine, and phaimaceutically acceptable salts thereof. Suitable examples of 
secondary amine tricyclics include: amoxapine, desipramine, maprotiline, 
nortriptyline and protriptyline, and pharmaceutical acceptable salts thereof. 

Suitable selective serotonin reuptake inhibitors include: fluoxetine, 
fluvoxamine, paroxetine and sertraline, and pharmaceutical^ acceptable salts thereof. 
25 Suitable monoamine oxidase inhibitors include: isocarboxazid, 

phenelzine, tranylcypromine and selegiline, and pharmaceutically acceptable salts 
thereof. 

Suitable reversible inhibitors of monoamine oxidase include: 
moclobemide, and pharmaceutically acceptable salts thereof. 
30 Suitable serotonin and noradrenaline reuptake inhibitors of use in the 

present invention include: venlafaxine, and pharmaceutically acceptable salts thereof. 

Suitable CRF antagonists include those compounds described in 
Internationa] Patent Specification Nos. WO 94/13643, WO 94/13644, WO 94/13661, 
WO 94/13676 and WO 94/13677. 
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Suitable atypical anti-depressants include: bupropion, lithium, 
nefazodone, trazodone and viloxazine, and pharmaceutical^ acceptable salts thereof. 

Suitable classes of anti-anxiety agents include benzodiazepines and 
5-HTi A agonists or antagonists, especially 5-HTia partial agonists, and corticotropin 
5 releasing factor (CRF) antagonists. 

Suitable benzodiazepines include: alprazolam, chlordiazepoxide, 
clonazepam, chlorazepate, diazepam, halazepam, lorazepam, oxazepam and 
prazepam, andpharmaceutically acceptable salts thereof. 

Suitable 5-HTj a receptor agonists or antagonists include, in particular, 
10 the 5-HTia receptor partial agonists buspirone, flesinoxan, gepirone and ipsapirone, 
and pharmaceutically acceptable salts thereof. 

As used herein, the term "substance abuse disorders** includes 
substance dependence or abuse with or without physiological dependence. The 
substances associated with these disorders are: alcohol, amphetamines (or 
15 amphetamine-like substances), caffeine, cannabis, cocaine, hallucinogens, inhalants, 
nicotine, opioids, phencyclidine (or phencyclidine-like compounds), sedative- 
hypnotics or benzodiazepines, and other (or unknown) substances and combinations 
. of all of the above. 

In particular, the term "substance abuse disorders* 1 includes drug 
20 withdrawal disorders such as alcohol withdrawal with or without perceptual 
disturbances; alcohol withdrawal delirium; amphetamine withdrawal; cocaine 
withdrawal; nicotine withdrawal; opioid withdrawal; sedative, hypnotic or anxiolytic 
withdrawal with or without perceptual disturbances; sedative, hypnotic or anxiolytic 
withdrawal delirium; and withdrawal symptoms due to other substances. It will be 
25 appreciated that reference to treatment of nicotine withdrawal includes the treatment, 
of symptoms associated with smoking cessation. 

Other "substance abuse disorders** include substance-induced anxiety 
disorder with onset during withdrawal; substance-induced mood disorder with onset 
during withdrawal; and substance-induced sleep disorder with onset during 
30 withdrawal. 

It will be appreciated that a combination of a conventional 
antipsychotic drug with a CB1 receptor modulator may provide an enhanced effect in 
the treatment of mania. Such a combination would be expected to provide for a rapid 
onset of action to treat a manic episode thereby enabling prescription on an "as 
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needed basis". Furthermore, such a combination may enable a lower dose of the 
antispychotic agent to be used without compromising the efficacy of the antipsychotic 

* agent, thereby minimising the risk of adverse side-effects. A yet further advantage of - 
such a combination is that, due to the action of the CB1 receptor modulator, adverse 

5 side-effects caused by the antipsychotic agent such as acute dystonias, dyskinesias, 

akathesia and tremor may be reduced or prevented. 

Thus, according to a further aspect of the present invention there is 

provided the use of a CB1 receptor modulator and an antipsychotic agent for the 

manufacture of a medicament for the treatment or prevention of mania. 
10 The present invention also provides a method for the treatment or 

prevention of mania, which method comprises administration to a patient in need of 

such treatment of an amount of a CB1 receptor modulator and an amount of an 

antipsychotic agent, such that together they give effective relief. 

In a further aspect of the present invention, there is provided a 
15 pharmaceutical composition comprising a CB 1 receptor modulator and an 

antipsychotic agent, together with at least one phannaceutically acceptable carrier or 

excipient 

It will be appreciated that the CB1 receptor modulator and the 
antipsychotic agent may be present as a combined preparation for simultaneous, 
20 separate or sequential use for the treatment or prevention of mania. Such combined 
preparations may be, for example, in the form of a twin pack. 

In a further or alternative aspect of the present invention, there is 
therefore provided a product comprising a CB1 receptor modulator and an 
antipsychotic agent as a combined preparation for simultaneous, separate or 
25 sequential use in the treatment or prevention of mania. 

It will be appreciated that when using a combination of the present 
invention, the CB1 receptor modulator and the antipsychotic agent may be in the same 
phannaceutically acceptable carrier and therefore administered simultaneously. They 
may be in separate pharmaceutical carriers such as conventional oral dosage forms 
30 which are taken simultaneously. The term "combination" also refers to the case 

• where the compounds are provided in separate dosage forms and are administered 
sequentially. Therefore, by way of example, the antipsychotic agent may be 
administered as a tablet and then, within a reasonable period of time, the CB1 receptor 
modulator may be administered either as an oral dosage form such as a tablet or a 
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fast-dissolving oral dosage form. By a 'fast-dissolving oral formulation" is meant, an 
oral delivery form which when placed on the tongue of a patient, dissolves within 
about 10 seconds. 

Included within the scope of the present invention is the use of CB1 
5 receptor modulators in combination with an antipsychotic agent in the treatment or 
prevention of hypomania. 

Suitable antipsychotic agents of use in combination with a CB 1 
receptor modulator include the phenothiazine, thioxanthene, heterocyclic 
dibenzazepine, butyrophenone, diphenylbutylpiperidine and indolone classes of 

10 antipsychotic agent Suitable examples of phenothiazines include chloipromazine, 
mesoridazine, thioridazine, acetophenazine, fluphenazine, perphenazine and 
trifluoperazine. Suitable examples of thioxanthenes include chlorprothixene and 
thiothixene. An example of a dibenzazepine is clozapine. An example of a 
butyrophenone is haloperidol. An example of a diphenylbutylpiperidine is pimozide. 

15 An example of an indolone is molindolone. Other antipsychotic agents include 
loxapine, sulpiride and risperidone. It will be appreciated that the antipsychotic 
agents when used in combination with aCBl receptor modulator may be in the form 
of a pharmaceutical^ acceptable salt, for example, chlorpromazine hydrochloride, 
mesoridazine besylate, thioridazine hydrochloride, acetophenazine maleate, 

20 fluphenazine hydrochloride, flurphenazine enathate, fluphenazine decanoate, 
trifluoperazine hydrochloride, thiothixene hydrochloride, haloperidol decanoate, 
loxapine succinate and molindone hydrochloride. Perphenazine, chlorprothixene, 
clozapine, haloperidol, pimozide and risperidone are commonly used in a non-salt 
form. 

25 It will be appreciated that a combination of a conventional 

antipsychotic drug with a CB1 receptor modulator may provide an enhanced effect in 
the treatment of schizophrenic disorders. Such a combination would be expected to 
provide for a rapid onset of action to treat schizophrenic symptoms thereby enabling 
prescription on an "as needed basis". Furthermore, such a combination may enable a 

30 lower dose of the CNS agent to be used without compromising the efficacy of the 

antipsychotic agent, thereby minimising the risk of adverse side-effects. A yet further 
advantage of such a combination is that, due to the action of the CB1 receptor 
modulator, adverse side-effects caused by the antipsychotic agent such as acute 
dystonias, dyskinesias, akathesia and tremor may be reduced or prevented. 
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As used herein, the term "schizophrenic disorders" includes paranoid, 
disorganized, catatonic, undifferentiated and residual schizophrenia; schizophreniform 
disorder; schizoaffective disorder; delusional disorder, brief psychotic disorder; 
shared psychotic disorder; substance-induced psychotic disorder, and psychotic 
5 disorder not otherwise specified 

Other conditions commonly associated with schizophrenic disorders 
include self-injurious behavior (e.g. Lesch-Nyhan syndrome) and suicidal gestures. 

Suitable antipsychotic agents of use in combination with a CB1 
receptor modulator include the phenothiazine, thioxanthene, heterocyclic 

10 dibenzazepine, butyrophenone, diphenylbutylpiperidine and indolone classes of 
antipsychotic agent. Suitable examples of phenothiazines include chloipromazine, 
mesoridazine, thioridazine, acetophenazine, fluphenazine, perphenazine and 
trifluoperazine. Suitable examples of thioxanthenes include chloxpiothixene and 
thiothixene. Suitable examples of dibenzazepines include clozapine and olanzapine. 

15 An example of a butyrophenone is haloperidol. An example of a 

diphenylbutylpiperidine is pimozide. An example of an indolone is molindolone. 
Other antipsychotic agents include loxapine, sulpiride and risperidone. It will be 
appreciated that the antipsychotic agents when used in combination with a CB1 
receptor modulator may be in the form of a pharmaceutical^ acceptable salt, for 

20 example, chlorpromazine hydrochloride, mesoridazine besylate, thioridazine 

hydrochloride, acetophenazine maleate, fluphenazine hydrochloride, flurphenazine 
enathate, fluphenazine decanoate, trifluoperazine hydrochloride, thiothixene 
hydrochloride, haloperidol decanoate, loxapine succinate and molindone 
hydrochloride. Perphenazine, chlorprothixene, clozapine, olanzapine, haloperidol, 

25 pimozide and risperidone are commonly used in a non-salt form. 

Other classes of antipsychotic agent of use in combination with a CB1 
receptor modulator include dopamine receptor antagonists, especially D2, D3 and D4 
dopamine receptor antagonists, and muscarinic ml receptor agonists. An example of 
a D3 dopamine receptor antagonist is the compound PNU-99194A. An example of a 

30 D4 dopamine receptor antagonist is PNU-101387. An example of a muscarinic ml 
receptor agonist is xanomeline. 

Another class of antipsychotic agent of use in combination with a CB1 
receptor modulator is the 5-HT2A receptor antagonists, examples of which include 
MDL100907 and fananserin. Also of use in combination with a CB1 receptor 
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modulator are the serotonin dopamine antagonists (SDAs) which are believed to 
combine 5-HT2A and dopamine receptor antagonist activity, examples of which 
include olanzapine and ziperasidone. 

The method of treatment of this invention comprises a method of 
5 modulating the CB1 receptor and treating CB1 receptor mediated diseases by 
administering to a patient in need of such treatment a non-toxic therapeutically 
effective amount of a compound of this invention that selectively antagonizes the 
CB 1 receptor in preference to the other CB or G-protein coupled receptors. 

The term "therapeutically effective amount" means the amount the 

10 compound of structural formula I that will elicit the biological or medical response of 
a tissue, system, animal or human that is being sought by the researcher, veterinarian, 
medical doctor or other clinician. 

The weight ratio of the compound of the Formula I to the second active 
ingredient may be varied and will depend upon the effective dose of each ingredient. 

15 Generally, an effective dose of each will be used. Thus, for example, when a 

compound of the Formula I is combined with a 0-3 agonist the weight ratio of the 
compound of the Formula I to the p-3 agonist will generally range from about 1000:1 
to about 1:1000, preferably about 200:1 to about 1:200. Combinations of a compound 
of the Formula I and other active ingredients will generally also be within the 

20 aforementioned range, but in each case, an effective dose of each active ingredient 
should be used. 

Abbreviations used in the following Schemes and Examples: 

4-DMAP: 4-dimethylaminopyridine 

Ac20: acetic anhydride 

25 AcCN: acetonitrile 

Ag20: silver(I) oxide 

AIBN: 2,2'-azobisisobutyronitrile 

BF3-Et20: borontrifluoride etberate 

BH3-DMS: borane dimethylsulfide complex 
30 Bn: benzyl 

BOC: tert-butoxycarbonyl 

BOC-ON 2-(tert-butoxycarbonyloxyiinino)-2-phenylac^tonitrile 
BOP: benzotriazol-l-yloxy-tris (dimethylamino)-phosphonium 

hexafluorophosphate 
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brine: saturated sodium chloride solution 

CBZ: benzyloxycarbonyl 

Cy3P: tricyclohexylphosphine 
DBU: l 9 8-diazobicyclo[5.40]undec-7-ene 

5 DCC: dicyclohexylcarbodiimide 

DIBAL-H: diisobutylaluminum hydride 

DffEA; N,N-diisopropylethylamine 

DME: 1,2-dimethoxyethane 

DMF: dimethylfoimamide 

10 DMPU: U^methyl-3A5,6-tet^^^ 

DMSO: dimethylsulfoxide 

EDC: l^%l-3^dimethylaminopiopylKarbodiimide hydrochloride 

Et: ethyl 

Et20: diethyl ether 

15 EtOAc: ethyl acetate 

EtOH: ethanol 

EMOC: 9-fluoienylmethoxylcarbonyl 

g or gm: gram 

horhn hours 

20 HATU: ^-azabenzotriazoW-ylHJ^^-tetramethylurom 
hexafluorophosphate 

HBTU: 0-(benzotriazol-l-ylHa^^^ hexafluorophosphate . 

HOAc: acetic acid 

HOAt: l-hydkoxy-7-azabenzotriazole 

25 HOBt: 1-hydroxybenzotriazole 

HPLC: high pressure liquid chromatography 

in vacuo: rotoevaporation 

KOAc: potassium acetate 

I-DA: lithium diisopropylamide 

30 IiHMDS: lithium hexamethyldisilylamide 

mCPBA: meta-chloroperbenzoic acid 

Me: methyl 

Mel: methyl iodide 

MeOH: methanol 
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30 



mg: milligram 

MHz: megahertz 

min: minutes 

mL: milliliter 

mmol: millimole 

MPLC: medium pressure liquid chromatography 

MS or ms: mass spectrum 

MsCl: methanesulfonyl chloride 

NBS: N-bromosuccinimide 

n-Bu n-butyl 

NMO: 4-methyl-morphohne-N-oxide 

Pd2dba3: tris(dibenzylideneacetone) dipalladium(0) 

Ph: phenyl 

PI13P: triphenylphosphine 

pTS A: para-toluenesulfonic acid 

PyBOP: (benzotxiazol-l-yloxy)tripyrrolidinophosphonium hexafluorophosphate 

rt: room temperature 

TBAF: tetrabutylammonium fluoride 

TBSC1: tert-butyldimethylsilyl chloride 

t-Bu3P: tri-teit-butylphosphine 

TEA: triethylamine 

TFA: trifluoroacetic acid 

THF: THF 

TLC: thin layer chromatography 

TMSCHN2: trimethylsiliyldiazomethane 

TMSC1: trimethylsilyl chloride 

TMSL trimethylsilyl iodide 

TPAP: tetrapropylammonium perruthenate 

TsCl: para-toluene sulfonyl chloride 

Compounds of the present invention may be prepared by procedures 
illustrated in the accompanying schemes. 

As outlined in Scheme 1, benzoin derivatives A are condensed with 
urea B in heated ethylene glycol to afford 2(3H>imidazolone C. Typically, a mixture 
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of the two regioisomers is obtained that may or may not be separated. Treatment of C 
with phosphorous oxychloride affords the 2-chloro-imidazoles D. lithiation of D 
with n-butyllithium followed by acylation yields the imidazole-2-carboxylate E, The 
ester in E is hydrogenated (R2 = benzyloxy) or hydrolyzed (R2 = ethoxy or 
benzyloxy) to afford carboxylic acid F. Coupling with an amine derivative in the 
presence of a coupling agent yields the imidazole-2-carboxamides G. Alternatively, 
ester E may be heated neat with an amine to afford G directly. G may be obtained 
directly from D by lithiation with n-butyllithium followed by acylation with an 
isocyanate. 



Scheme 1 

o 
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Alternatively, as shown in Scheme 2, benzil derivative A_ or benzoin 
derivative B^are condensed with fonnamide and parafonnaldehyde to afford diaryl- 
imidazole C. Treatment with base (e.g., sodium hydride) followed by treatment with 
an electrophile affords N-substituted imidazole D. Reaction with n-butyllithium 
5 followed by acylation yields imidazole-2-carboxylates Ewhich may be treated as 
outlined in Scheme 1. 

Scheme 2. 
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In Scheme 3, the diaryl imidazole A is treated with base (e.g., sodium 
hydride) followed by alkylation with a suitable protecting group (e.g. 2-trimetnylsilyl- 
ethoxy-methyl chloride, SEM<:]) to yield N-protected imidazoles B. Deprotonation 
with strong base (n-butyUithium) followed by treatment with an isocyanate derivative 
affords the protected 2-carboxamideC. Removal of the SEM-protecting group with 
TBAF yields the 4,5-diaiyl-imidazole-2-carboxamide D which may be reacted with 
base and an electrophile (as in Scheme 2, B to C). 

Scheme 3. 



H 

NaH, SEM -CI SEM ^N^S 

Ar1 Ar 2 (Ar 2 ) Ar Ar 2 (Ar 1 ) 

A B 

°Y- NHRd . O^NHR- 



1. n-BuLi 



2. R d -N=C=0 



SEM- 



1 TBAF.THF I 

W \=j 

(Ar 2 ) Ar 1 Ar^Ar 1 ) Ar 1 Ar 2 

£ D 

Scheme 4 outlines the synthesis of acyloin derivatives that are useful in 
the preparation of compounds of the present invention. A single aryl aldehyde A (Arl 
= Ar2) or a mixture of aryl aldehydes (Arl # Ar2) is reacted with sodium cyanide in 
ethanol to yield benzoin derivative^) B which may be used as starting materials as 
outlined in Schemes 1 or 2. 

Scheme 4. 

Ar^-CHO NaCN, EtOH ?\ 

Ai^-CHO - (Ar 2 )Ar 1 ^-' Ar2(Ar1) 

A 




B 



OH 



15 
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General Procedures. 

The HPLC/MS analyses were preformed using a Micromass ZMD 
mass spectrometer coupled to an Agilent 1100 Series HPLC utilizing a YMC ODS-A 
5 4.6 x 50 mm column eluting at 2.5 mL/min with a solvent gradient of 10 to 95% B 
over 4.5 min, then 0.5 min at 95% B: solvent A = 0.06% TFA in water, solvent B = 
0.05% TFA in acetonitrile. 

Proton NMR spectra were obtained with a 400MHz Van an 
Spectrometer in CDCI3 or CD3OD and chemical shifts are reported as 5 using the 
10 deuterium of the solvent as standard and coupling constants are reported in hertz. 



EXAMPLE 1 




Benzyl 4,5-diphenvl-l-methvlimidazole-2-carboxvlate 

15 Step A: 4,5-Diphenvl-l>methvl^aH)/3H)-imidazolm-.2-one 

A mixture of benzoin (9.5 g, 45 mmol), N-methylurea (10.0 g, 135 
mmol) in ethylene glycol (50 mL) was heated to 180 °C for 1.5 hr. The reaction was 
allowed to cool and was aged for 16 hr before the precipitate was filtered Hie solid 
was recrystallized from ethanol to afford a white solid. The above filtrate was diluted 

20 with water and extracted twice with ethyl acetate. The organic layers were washed 
with brine, dried over sodium sulfate and combined with the above mother liquor to 
give a crude solid after evaporation. Recrystallization from ethanol afforded a second 
crop of white solid title compound 

HPLC/MS: 251 (M+l), 292 (100%, M+l+41 (CH3CN)); R t = 2.59 min 
25 iHNMR (CD3OD): 3.10 (s, 3H), 7.19 (m, 4H), 7.35 (m, 2H), 7.46 (m, 4H). 

StepB: 2-Chlora4.5-diphenvM-methvlimidazole 
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A mixture of 4,5^iphenyl-l-methyI-(lH),(3H)-in)idazoliii'2-one (3.0 
g, 12 mmol) from Step A in phosphorous oxychloride (30 mL) was heated to 100 °C 
for 20 hr. Most of the phosphorous oxychloride was removed in vacuo and the 
residue was quenched into a mixture of ethyl acetate and saturated aqueous sodium 

5 bicarbonate. The layers were separated and the organic layer was washed with brine, 
dried over sodium sulfate and evaporated. The residue was purified by flash 
chromatography (2% methylene chloride in 20% ethyl acetate/hexanes) and then 
crystallized from ethyl acetate/hexanes to afford the title compound A second crop 
of slightly impure title compound was obtained from the mother liquors. 

10 HPLC/MS: 269 (M+l); R t = 3.23 min; 1HNMR (CDCI3): 3.44 (s, 3H), 7.19 (m, 
4H), 7.35 (m, 2H), 7.48 (m, 4H). 

StepC: Benzyl 4.5-diphenvl-l-methvlimidazole-2-caiboxvlate 

A solution of 2^hloro-4,5-diphenyl-l--methylimidazole (1.46 g, 5.4 

15 mmol) from Step B in tetrahydrofiiran (THE 7 ) (20 mL) under nitrogen was cooled to - 
70 °C in a dry ice/acetone bath. n-Butyl lithium (1.6 N in hexanes, 10.2 mL, 16.3 
mmol) was added via syringe. The reaction was allowed to warm to -20 °C for 2 hr. 
In a separate round-bottomed flask, a solution of benzyl chloroformate (CBZ-C1) (4.3 
mL, 16.3 mmol) in THF (10 mL) was cooled to -20 °C. The above imidazole 

20 reaction was added via a double-tipped needle to the solution of CBZ-C1 and after 20 
min the reaction was allowed to warm to rt for 30 min. The reaction was then 
quenched into an aqueous sodium bicarbonate solution and was then extracted twice 
with ethyl acetate. The organic layers were washed with brine, dried over sodium 
sulfate and evaporated. The residue was purified by flash chromatography (5% 

25 methylene chloride and 15% ethyl acetate in hexanes) to afford the title compound. 
HPLC/MS: 369 (M+l); R t = 3.60 min; 1HNMR (CDCI3): 3.81 (s, 3H), 5.49 (s, 
2H), 7.20 (m, 4H), 7.35 (m, 2H), 7.40 (m, 2H), 7.50 (m, 5H), 7.56 (m, 2H). 

EXAMPLE 2 



30 
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Benzyl 4.5-di^4-methvlphenvlVl"methvKiDidazole-2"Carboxvlate 

Step A: 4^-Di-(4-methvIphenvl)-l-methv]^lH),(3H)-imidazoUn"2^ne 

Using essentially the same procedure as Example 1, Step A, 4,4'- 
dimethylbenzoin (10.8 g, 45 mmol) was converted to the title compound. 
5 HPLC/MS: 320 (M+l+41 (CH 3 CN)); R t = 3.07 min; *HNMR (CDC1 3 ): 2.29 (s, 
3H), 2.43 (s, 3H), 3.15 (s, 3H), 7.03 (d, J = 8.2 Hz, 2H), 7.12 (d, J = 8.2 Hz, 2H), 7.25 
(m,4H). 

Step B: 2-CMoro^.5-di-(4-methvlph^ 
10 Using essentially the same procedure as Example 1, Step B, 4,5-di-(4- 

methylphenyl)-l-methyHlH),(3H)-imidazolin-2-one (3.0 g, 10.8 mmol) from Step A 
was converted to the title compound. 

HPLC/MS: 297 (M+l); R t = 3.60 min; *HNMR (CDCI3): 2.29 (s, 3H), 2.45 (s, 
3H), 3.42 (s, 3H), 7.02 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 6.3 Hz, 2H), 7.28 (d, J = 6.3 
15 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H). 



Step C: Benzyl 4,5Kli-(4-methvlphenvlVl-methvlimidazole"2>caiboxvlate 

Using essentially the same procedure as Example 1, Step C, 2-chloro- 
4,5-di-(4-methylphenyl)-l-methylimidazoline (1.5 g, 5.1 mmol) from Step B was 
20 converted to the title compound. 

HPLC/MS: 397 (M+l); R t = 3.84 min; *HNMR (CDCI3): 2.29 (s, 3H), 2.44 (s, 
3H), 3.78 (s, 3H), 5.48 (s, 2H), 7.03 (d, 2H), 7.19 (d, 2H), 7.28 (d, 2H), 7.35-7.42 (m, 
5H),7.54(d,2H). 

25 EXAMPLE 3 




Ethyl 4,5-di-(4-methvlphenvlVl-methvlimida2ole-2-carboxvlate 
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Using essentially the same procedure as Example 1, Step C, but using 
ethyl chloroformate, 2-chloro-4,5-di-(4-methylphenyl>l-methylimidazoline (0.10 g, 
0.33 mmol) from Example 2, Step B was converted to the title compound. 
HPLCYMS: 335 (M+l); R t = 3.31 min; 1 BNMR (CDC1 3 ): 1.56 (t, 3H), 2.31 (s, 3H), 
5 2.47 (s, 3H), 3.88 (s, 3H), 4.58 (q, 2H), 7.09 (d, 2H), 7.21 (d, 2H), 7.33 (d, 2H), 7.48 
(d,2H). 



EXAMPLE 4 




10 Alffiperidm-l-vlV4.5-diphenvM and 24piperidin- 

l-vlcarbonvlM,5'diphenvl-l-metfivlimidazole 

Step A: 4.5-Diphenyl- 1-meth vKmidazole-2^arboxvlic acid 

To a suspension of benzyl 4,5-diphenyl-l-methylimidazole-2- 

15 carboxylate (0.43 g, 1.2 mmol) from Example 1, Step C in methanol (10 mL) was 
added 20% palladium on carbon (50% w/w water, 110 mg) and the mixture was 
hydrogenated on a Parr shaker at 40 psi for 1 hr. The reaction was filtered and the 
filtrate was evaporated to dryness to afford the title compound as a white solid 
(Note: The title compound readily decarboxylates as the acid.) HPLC/MS: 279 

20 (M+l); R t = 2.05 min. 

StepB: iV^iperidm-l-vl^5^phenvM^ 

2-fpiperidin-l-vlcarbonvlM,5^T3henvl"l"methvlimidazole 
A mixture of 4,5^phenyl-l-methylimidazole-2-carboxylic acid (50 
25 mg, 0.18 mmol) from Step A, 1-aminopiperidine (0.052 mL, 0.36 mmol) (containing 
a small percent of piperidine as an impurity), PyBOP (NovaChem) (140 mg, 0.2 
mmol) and W;N-diisopropyl--i\r-.ethylaimne (DIPEA) (0.065 mL, 0.2 mmol) in 
methylene chloride (2 mL) was stirred at rt for 20 hr. The reaction was diluted with 
water and extracted twice with methylene chloride. The organic layers were washed 
30 with brine, dried over sodium sulfate, and evaporated. The residue was purified twice 
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by prep TLC (1 mm, silica gel) eluting with 5% methylene chloride, 35% ethyl 
acetate in hexanes to afford the primary product iV-Cpiperidin-l-y^^^-diphenyH- 
methylimidazole-2-carboxamide and 2-(piperidin-l-ylcarbonyl)-4,5^phenyl-l- 
methylimidazole as a byproduct HPLC/MS: 361 (M+l); R t = 2.64 min; *HNMR 
5 (CDC1 3 ): 1.4-1.7 (m, 2H), 1.92 (m, 4H), 2.96 (br s, 4H), 3.90 (s, 3H), 7.24 (m, 3H), 
7.34 (m,2H), 7.50 (m, 5H). 
and 

HPLC/MS: 346 (M+l); ^ = 2.80 min; iHNMR (CDC1 3 ): L75 (m, 6H), 3.64 (s, 
3H), 3.78 (m, 2H), 4.03 (m, 2H), 7.21 (m, 3H), 7.38 (m, 2H), 7.49 (m, 5H). 

10 

EXAMPLES 




iY-(Morpho]in^vlM.5^iphen^ 

Using essentially the same procedure as Example 4, Step B, but using 
15 4-aminomorphoIine (0.025 mL), 4,5-diphenyl-l -methylimidazoIe-2-caiboxylic acid 
(30 mg, 0.10 mmol) from Example 4, Step A was converted to the title compound. 
HPLC/MS: 363 (M+l); R t = 2.72 min. 



EXAMPLE 6 



20 




^PhenvM,5-diphenvI-l-methvHmida2ole"2-cartM3xamide 

Using essentially the same procedure as Example 4, Step B, but using 
aniline (0.025 mL), 4,5-dipheny]-l-methylimidazole-2-caiboxylic acid (30 mg, 0.10 
mmol) from Example 4, Step A was converted to the title compound. 
25 HPLC/MS: 354 (M+l); R t = 4.31 min. 
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EXAMPLE 7 

jV-Hexyl-4.5-diphenvl4-methvK^ 

Using essentially the same procedure as Example 4, Step B, but using 
5 n-hexylamine (0.025 mL), 4,5^phenyl-l-methylimidazole-2-carboxylic acid (30 mg, 
0.10 mmol) from Example 4, Step A was converted to the title compound. 
HPLC/MS: 362 (M+l); R t = 4.24min. 



EXAMPLE 8 



10 




N-CvclohexvM,5^iphenvl-l"me1hvlimida2ole-2-caiboxamide 

Using essentially the same procedure as Example 4, Step B, but using 
cyclohexylamine (0.025 mL), 4,5-diphenyH-methylimidazole-2-carboxylic acid (30 
mg, 0.10 mmol) from Example 4, Step A was converted to the title compound. 
15 HPLC/MS: 360 (M+l); R t = 3.95 min. 

EXAMPLE 9 




Alfflperidin-l-vlM3-di-(^ and 2- 

20 (piperi(Hn-l-vlcarbonviy4^-ffi^^ 

Step A: 4.5-K^4-methYlphenylVl-meA^^ 

To a suspension of benzyl 4,5-di-(4-methylphenyl)-l-methylimidazole- 
2-carboxylate (0.35 g, 0.9 mmol) from Example 2, Step C in methanol (10 mL) was 
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added 20% palladium on carbon (50% w/w water, 100 mg) and the mixture was 
hydrogenated at 40 psi for 1 hr. The reaction was filtered and the filtrate was 
evaporated to dryness to afford the title compound as a white solid. (Note: The title 
compound readily decarboxylates as the acid.) 
5 HPLC/MS: 307 (M+l); Rt = 2.48 min. 



StepB: AMPiperidfa-^^ 

carboxamide a nd 2>fpiperidin-l-vlcarbonvl > >-4,5-di-f4-methvlphenvlV 
l-methvlimidazole 

10 A mixture of 4,5KB^4-methylphenylH-methyli^ 

acid (25 mg, 0.08 mmol) from Step A, 1-aminopiperidine (0.020 mL, 0.16 mmol) 
(containing a small percent of piperidine as an impurity), PyBOP (NovaChem) (65 
mg, 0.1 mmol) andDIPEA (0.025 mL, 0.1 mmol) in methylene chloride (1 mL) was 
stirred at rt for 20 hr. The reaction was diluted with water and extracted twice with 

15 methylene chloride. The organic layers were washed with brine, dried over sodium 
sulfate, and evaporated. The residue was purified twice by prep TLC (1 mm, silica 
gel) eluting with 5% methylene chloride, 35% ethyl acetate in hexanes to afford the 
primary product i\Kpiperi<fin-l-ylH>5^-(^ 

carboxamide (10 mg, 32%) and 2-(piperidin-l--ylcaitK)nylH,5-di-(4-methylpheny])- 
20 1 -methylimidazole as a byproduct. 

HPLC7MS: 389 (M+l); R t = 3.04 min 
and 

HPLC/MS: 374 (M+l); R t = 3.12 min 
25 EXAMPLE 10 




N 



H 



CH 3 O 

A^oroholin^viy4.5- di-(4-methv1pte^ 

Using essentially the same procedure as Example 9, Step B, but using 
4-aminomorpholine (0.025 mL), 4^^4-memyIphenyl>l-methylimidazole-2- 
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carboxylic acid (25 mg, 0.08 mmol) from Example 9, Step A was converted to the 
title compound. HPLCMS: 391 (M+l); R t = 3.12 mm. 



EXAMPLE 11 

CH 3 . 




?^ Y irn1idin-l-vlcarb onvlV4.5-^^ 

Using essentially the same procedure as Example 9, Step B, but using 
pyrrolidine (0.022 mL), 4,5^K4-memylphenyl)-l-memyliimdazole-2-carboxylic 
acid (25 mg, 0.08 mmol) from Example 9, Step A was converted to the title 
10 compound. HPLCMS: 360 (M+l); R t = 3.12 min. 



EXAMPLE 12 




AMten7 y1-4.5-m-(4-melhvlphenvlVl-m^ 

15 Using essentially the same procedure as Example 9, Step B, but using 

benzylamine (0.022 mL), 4^<4-memyIphenyl>l-memylimidazole-2-carboxyUc 
acid (25 mg, 0.08 mmol) from Example 9, Step A was converted to the tide 
compound. HPLCMS: 396 (M+l); R t = 4.13 min. 



-49- 



WO 03/007887 PCT/US02/23230 



EXAMPLE 13 



CB 




Ar-Phenvl^.5^44-methvIphen y]Vl- m ethvHmidazole-2^arboxamide 

Using essentially the same procedure as Example 9,. Step B, but using 
5 aniline (0.020 mL), ^S^^memylphenyO^-memylimidazoIe^arboxylic acid (25 
mg, 0.08 mmol) from Example 9, Step A was converted to the tide compound. 
HPLCMS: 382 (M+l); It* = 4.43 mm. 

EXAMPLE 14 




10 CHs 

^HexvM.5^-f4- memvlphenvIVl-memvhnrida2ole-2^arboxainide 

Using essentially the same procedure as Example 9, Step B, but using 
hexylamine (0.020 mL), 4,5-di-(4-methylphenyl)-l-methylimidazole-2-carboxylic 
acid (25 mg, 0.08 mmol) from Example 9, Step A was converted to the title 
15 compound. HPLC/MS: 390 (M+l); R t = 4.45min. 

EXAMPLE 15 

CH 3 . 



CH 3 ' 




CH3 



N-t-ButYM.5-di-(4-memvlphenviyi^^ 
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Using essentially the same procedure as Example 9, Step B, but using 
t-butylamine (0.022 mL), 4,5^i^4-methylphenyl)-l-memylimidazoIe-2-carboxylic 
acid (25 mg, 0.08 mmol) from Example 9, Step A was converted to the title 
compound. HPLC/MS: 362 (M+l); R t = 3.92min. 

5 

EXAMPLE 16 



jV^clohexvM,5^-(4-methvlphCT^ 

Using essentially the same procedure as Example 9, Step B, but using 
10 cyclohexylamine (0.020 mL), 4,5HH-(4-methylphenyl)-l-methylimidazole-2- 

caiboxylic acid (25 mg, 0.08 mmol) from Example 9, Step A was converted to the 
title compound. HPLC/MS: 388 (M+l); R t = 4.19min. 

EXAMPLE 17 



15 




i\^PropyM,5-dH4-methvlphen^ 

Using essentially the same procedure as Example 9, Step B, but using 
n-propylamine (0.015 mL), 4,5"di-(4-methylphenyl)-l-methylimidazole-2-carboxylic 
acid (25 mg, 0.08 mmol) from Example 9, Step A was converted to the title 
20 compound HPLC/MS: 348 (M+l); R t = 3.76 min. 




-51- 



WO 03/007887 



PCT/DS02/23230 



EXAMPLE 18 




iNlMethvl^.5-di^4- m^ 

Using essentially the same procedure as Example 9, Step B, but using 
5 methylamine (0.20 mL of 2N methylamine in THF), 4,5-di-(4-methylphenyI)-l- 
methylimidazole-2-carboxylic acid (25 nig, 0.08 mmol) from Example 9, Step A was 
converted to the title compound. HPLC/MS: 320 (M+l); R t = 3.28min. 



EXAMPLE 19 



10 




Benzyl 4.5-di-(4-chlorophen vl V l-methvlimidazole-2-carboxvlate 
Step A: 4,5-Di-(4^hlorophenvl)imidazole 

A mixture of 4,4 , -dichlorobenzil (3.0 gm, 10.8 mmol) and 
paraformaldehyde (2.0 gm, 67 mmol) in formaraide (50 mL) was heated to 220 °C for 
15 2.5 hr. The reaction was cooled, diluted with water, and extracted twice with ethyl 
acetate. The organic layers were washed with brine, dried over sodium sulfate, and 
evaporated. The residue was crystallized from isopropyl acetate (or ethyl acetate) to 
provide the title compound as a white solid in 3 crops. HPLC/MS: 289 (M+l), 291 
(M+3); R t = 2.64 min. 

20 

Step B: 4,5-Di-(4-chloroohenvlVl^methvlimidazole 

To a solution of 4,5-di-(4-chlorophenyl)imidazole (300 mg, 1.0 mmol) 
from Step A and methyl iodide (0.10 mL, 2.0 mmol) in DMF (5 mL) was added 
sodium hydride (80 mg 60% in mineral oil, 1.5 mmol) all at once at rt After stirring 
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for 1 hr, the reaction was quenched into water and extracted twice with ethyl acetate. 
The organic layers were washed with brine, dried over sodium sulfate, and 
evaporated. The residue was purified by flash chromatography (10% methylene 
chloride, 30% ethyl acetate in hexanes) to provide the title compound as a white solid. 
5 HPLC/MS: 303 (M+l), 305 (M+3); R t = 2-53 min; iHNMR (CDCI3): 3.60 (s, 3H), 
7.25 (d, J = 8.5 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H), 7.44 (d, J = 8.5 Hz, 2H), 7.50 (d, J = 
8.5Hz,2H),8.08(brs,lH). 

Step C: Renzvl ^S-di-O-chlorophen Y 1 )- 1 -mrthy1imida7.o1e-2-caiboxvlate 
10 To a solution of 4,5-d^-(4^Wor6phenylVl-memylimidazole (0.25 gm, 

0.825 mmol) from Step B in THF (5 mL) cooled to -70 °C in adry ice/acetone bath 
was added via syringe n-butyl hthium (1.6 N in hexanes, 0.62 mL, 1.0 mmol). The 
reaction was stirred at -70 °C for 30 min and then a solution of CBZ-C1 (0.42 mL, 
1.65 mmol) in THF (2 mL) was added rapidly. The reaction was wanned to rt over 1 
15 hr. The reaction was poured into an aq. sodium bicarbonate solution and then 

extracted twice with ethyl acetate. The organic layers were washed wilh brine, dried 
over sodium sulfate, and evaporated. The residue was purified by flash 
chromatography (15% ethyl acetate in hexanes) to provide the title compound as a 
white solid. HPLC/MS: 437 (M+l), 439 (M+3); R t = 4.37 min. 

20 KX AMPLE 20 





AT^ pftridin-l-vn-4.5-di-(4^ 

(p i r pririin-l-vlcarbonvlM.5-di^4-chlQnmhenvl) -1-n»emvlimidazole 
25 Step A: 4.5-Di-f4-cMoTOphenvlVl-memvlirnidazol e-2-<;arboxvlic acid 

To a suspension of benzyl 4,5-di-(4-cblorophenyl)-l-methylimidazole- 
2-carboxylate (185 mg, 0.42 mmol) from Example 19, Step C in methanol (20 mL) 
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was added aq. 5N sodium hydroxide (0.25 mL, 1.27 mmol). The reaction was stirred 
at rt for 20 hr, concentrated in vacuo, acidified with 2N hydrochloric acid (0.50 mL), 
and extracted twice with ethyl acetate. The organic layers were washed with brine, 
dried over sodium sulfate, and evaporated to dryness to afford the crude title acid (150 
5 mg) as a mixture with decarboxylated material. This material was used directly in 
Step B. HPLC/MS: 347 (M+l), 349 (M+3); R t = 2.72 min. 



StepB: JV^EffiaicKn-^^ 

carhoxamide and 2-fpiperidin-l>vlcarbonvlM,5-di"(4-<:hlorophenvlV 

10 1-methvlimidazole 

A mixture of crude 4,5-di-(4-chlorophenyl)-l-melhylimida2ole-2- 
carboxylic acid (45 mg, 0.13 mmol) from Step A (<50% pure due to decarboxylation), 
1-aminopiperidine (0.050 mL, 0.33 mmol) (containing a small percent of piperidine as 
an impurity), Py-BOP (NovaChem) (110 mg, 0.16 mmol) and DIPEA (0.060 mL, 

15 0.16 mmol) in methylene chloride (2 mL) was stirred at rt for 20 hr. The reaction was 
diluted with water and extracted twice with methylene chloride. The organic layers 
were washed with brine, dried over sodium sulfate, and evaporated The residue was 
purified twice by prep TLC (1 mm, silica gel) eluting with 40% ethyl acetate in 
hexanes to afford the primary product iV-piperidin- 1 -yl-4,5-di -(4-chlorophenyl)- 1 - 

20 methylimidazole~2-caiboxamide as the lower Rf product and 2-(piperidin-l- 

ylcaibonyl)^,5^K 4 ^Morophenyl)-l-methylimidazole as a higher Rf byproduct 
along with recovered 4,5-di-(4-chlorophenyl)imidazole, 
HPLC/MS: 429 (M+l), 431 (M+3); R t = 3.55 min 
and 

25 HPLC/MS: 414 (M+l), 415 (M+3); R t - 3.79 min 




CHa O l^O 



cr 

A^orpholin-l-vlV4.5-di44-chIoro 
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Using essentially the same procedure as Example 20, Step B, but using 
4-aminomorpholine (0.020 mL, 0.12 mmol), 4,5-di-(4-chlorophenyl)-l- 
memyhmidazole-2-carboxylic acid (20 mg, 0.060 mmol) from Example 20, Step A 
was converted to the title compound. HPLC/MS: 431 (M+l), 433 (M+3); R t = 3.55 
5 min. 



EXAMPLE 22 

Ay^ftX YlH.5^^4-cMoroDhenylVl-memv1i TTiida7ole-2H;aAoxamide 

Using essentially the same procedure as Example 20, Step B, but using 
10 hexylamine (0.020 mL, 0.12 mmol), 4^^<4-cWorophenyl)4-memyIimidazole-2- 
carboxylic acid (20 mg, 0.060 mmol) from Example 20, Step A was converted to the 
title compound. HPLC/MS: 430 (M+l), 432 (M+3); R t = 4.91 min. 



EXAMPLE 23 



15 




Ar-(t-ButvlV4.5-di-(4-chlcnropte 

Using essentially the same procedure as Example 20, Step B, but using 
t-butylamine (0.020 mL, 0.12 mmol), 4,5-di-(4-chlorophenyl)-l-methylimidazole-2- 
carboxylic acid (20 mg, 0.060 mmol) from Example 20, Step A was converted to the 
20 titie compound HPLC/MS: 402 (M+l), 404 (M+3); R t = 4.53 min. 



EXAMPLE 24 
W-(CvclohexvlV4.5-di-(4^ hIoro phenvlV l^^ 



25 




-55- 



WO 03/007887 



PCT/US02/23230 



Using essentially the same procedure as Example 20, Step B, but using 
cyclohexylamine (0.020 mL, 012 mmol), 4,5-di-(4-chlorophenyl)-l- 
methylimidazole-2-carboxylic acid (20 mg, 0.060 mmol) from Example 20, Step A 
was converted to the title compound HPLC/MS: 428 (M+l), 430 (M+3); R t = 4.53 

5 min. 



EXAMPLE 25 




AlHexvl-4.5Kii-(4-chlorophenvni^ 

10 Step A: 4.5-Di-(4-chlorophenvlVl-(2-(trim 

To a solution of 4,5^-(4^hlorophenyl)imidazole (500 mg, 1.7 mmol) 
from Example 20, Step A and 2Ktriinethylsilyl)ethoxymethyl chloride (SEM-C1) 
(0.46 mL, 2.6 mmol) in DMF (8 mL) at rt was added sodium hydride (60% in mineral 
oil) (135 mg, 3.4 mmol). The reaction was stirred for 20 min, poured into an aq. 

15 bicarbonate solution, and extracted twice with ethyl acetate. The organic layers were 
washed with brine, dried over sodium sulfate, and evaporated. The residue was 
purified by flash chromatography (25% ethyl acetate in hexanes) to afford the title 
compound as an oil. HPLC/MS: 419 (M+l), 421 (M+3); Rt = 3.60 min. 

20 StepB: JV-Hexvl-4,5-di-(4>chlorophenvlVl-(2- 

(trimethvlsnvl)ethoxvmethvlMmidazole --2-carboxvlate 
A solution of 4,5-di-(4-chlorophenyl)-l-(2-( trimethylsilyl) 
ethoxymethyl)imidazole (40 mg, 0.10 mmol) from Step A in THF (1 mL) was cooled 
to -70 °C in a dry ice/acetone bath and n-butyl lithium (1.6M in hexanes, 0.075 mL, 
25 0.12 mmol) was added. After 1 hr, hexyl isocyanate (0.030 mL, 0.20 mmol) was 

added and the reaction was warmed to rt for 1 hr. The reaction was quenched into an 
aq. sodium bicarbonate solution and extracted twice with ethyl acetate. The organic 
layers were washed with brine, dried over sodium sulfate, and evaporated. The 
residue was purified by prep TLC (1 mm, silica) (25% ethyl acetate in hexanes) to 
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afford the title compound as an oil (12.5 mg, 24%) along with recovered starting 
material (23 mg, 57%). HPLC/MS: 546 (M+l), 548 (M+3); R t = 3.89 min. 

Step C: A7-Hexvl-4.5-di-f4-chloropbenvl'>imidazo lR-2-carboxvlate 
5 A solution of AT-hexyl-4,5-di-(4-chlorophenyl)-l-(2- 

(trimemylsilyl)emoxymemyl)irmdazole-2-carboxylate (12.5 mg, 0.023 mmol) from 
Step B and tetrabutylammonium fluoride (TBAF) (IN in THF, 0.15 mL, 0.15 mmol) 
in THF (2 mL) was stirred at rt for 24 nr. Additional TBAF (0.10 mL) was added and 
the reaction was stirred another 72 nr. The volatiles were evaporated under nitrogen 
10 and the residue was purified by prep TLC (0.5 mm, silica) (15% ethyl acetate in 

hexanes) to afford the title compound. HPLC/MS: 416 (M+l), 418 (M+3); R t = 2.64 

min. 



KXAMPLE 26 




A/-CNclohexvM-5-m-f4-chl nro phenvlMm ^ g ^"^-^ n ^^ amide 

Using essentially the same procedure as Example 25, Step B-C, but 
using cyclohexyl isocyanate (0.027 mL, 0.21 mmol) in Step B, 4,5-di-(4- 
chlorophenyl)-H2-( trimethylsayl)ethoxymethyi)imidazole (36 mg, 0.086 mmol) 
20 from Example 25, Step A was converted to the SEM intermediate and then to the 1 
compound with TBAF. HPLC/MS: 414 (M+l), 416 (M+3); R t = 3.55 min. 



EXAMPLE 27 
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7f-t-ButvM.5^i-(4^hloropto 

Using essentially the same procedure as Example 25, Step B-C, but 
using t-butyl isocyanate (0.016 mL, 0.14 mmol) in Step B, 4,5-di-(4-chlorophenyl)-l- 
(2-(trimethylsilyl)ethoxymethyl)imidazole (23 mg, 0.055 mmol) from Example 25, 
5 Step A was converted to the SEM intermediate and then to the title compound with 
TBAR HPLC/MS: 388 (M+l), 390 (M+3); R t = 2.45min. 



EXAMPLE 28 




10 Benzvl4.5-di-f4^hlOTOPhenvlVl-^ 
carboxvlate 

Using essentially the same procedure as Example 25, Step B, but using 
CBZ-C1 (0.030 mL, 1.2 mmol) in Step B, 4,5-di-(4-chlorophenyl)«H2- 
. (trimethylsUyl)ethoxymethyl)imidazole (31 mg, 0.074 mmol) from Example 25, Step 
15 A was converted to the title compound, HPLC/MS: 553 (M+l), 555 (M+3); R t = 5.2 
min. 



EXAMPLE 29 




20 N-flPiperidin-l-vlM.5-di-(4^ 
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Using essentially the same procedure as Example 20, benzyl 4,5-di-(4- 
cMorophenyl)-l-(2-(trimethy!sU^^ (19 mg, 0.034 mmol) 

from Example 28, was converted to the SEM intermediate amide and then to the title 
compound with TBAF as in Example 25, Step C. HPLC/MS: 415 (M+l), 417 
5 (M+3); R t = 3.41 min. 

EXAMPLE 30 




iV-(Piperidin- l-vD-4,5-di-( 2,4-djchlorophenvD- 1 -methvlimidazole~2-carboxamide 

10 Step A: (+/-V2,2\4,4'-Tetrachlorobenzoin 

To a mixture of 2,4-dichlorobenzaldehyde (5.0 gm, 29 mmol) in 
ethanol (10 mL) was added a solution of sodium cyanide (500 mg, 10 mmol) in water 
(5 mL). The reaction was heated to reflux (100 - 1 10 °C) for 1 hr and was then 
cooled, diluted with water, and extracted twice with ethyl acetate. The organic layers 

15 were washed with brine, dried over sodium sulfate, and evaporated. The residue was 
purified by flash chromatography (10% methylene chloride, 10% ethyl acetate in 
hexanes) to afford the title compound as an oil. HPLC/MS: no parent ion, 372 (M+l 
- 18 (H 2 0) + 41 (CH 3 CN)), 374 (100%, M+3 - 18 (H 2 0) +41 (CH 3 CN)), 376 (M+5 - 
18 (H 2 0) + 41 (CH 3 CN)); R t = 3.8 min 

20 iHNMR (CDC1 3 ): 4.36 (d, 1H), 6.27 (d, 1H), 7.25 (s, 4H), 7.32 (br s, 1H), 7.41 (br s, 
1H). 

Step B: 4.5~Di-(2,4-dichlorophenvnimidazole 

A mixture of (+/-)-2,2\4,4 , -tetracMorobenzoin (1.0 gm, 2.9 mmol) 
25 from Step A and paraformaldehyde (0.70 gm, 24 mmol) in formamide (20 mL) was 
heated to 200 - 210 °C for 3 hr. The reaction was cooled to rt, diluted with water, 
and extracted twice with ethyl acetate. The organic layers were washed with brine, 
dried over sodium sulfate, and evaporated. The residue was purified by flash 
chromatography, eluting first with 10% ethyl acetate in hexanes to afford 4,5-di-(2,4- 
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dichlorophenyl)oxazole as a higher Rf byproduct and then with 75% ethyl acetate in 
hexanes to elute the title compound as an oil. HPLC/MS: 357 (M+l), 359 (100%, 
M+3),361 (M+5); R t = 2.72 min. 

5 Step C: 4.5-Di-f2.4-dichlorophenvlVl-methvl imidazole 

To a solution of 4^^2,4-^chlorophenyl)imidazole (230 mg, 0.65 
mmol) from Step B and methyl iodide (0.062 mL, 1.0 mmol) in DMF (5 mL) was 
added sodium hydride (60% in mineral oil, 52 mg, 1.3 mmol). The reaction was 
stirred at rt for 3 hr and was then quenched with aq. sodium bicarbonate and extracted 

10 twice with ethyl acetate. The organic layers were washed with brine, dried over 
sodium sulfate, and evaporated. The residue was purified by flasTi chromatography 
(50% ethyl acetate in hexanes) to afford the title compound. HPLC/MS: 371 (M+l), 
373 (100%, M+3), 375 (M+5); R t = 2.85 min. 

15 StepD: Ethvl4.5-m^2.4^chlorophenvlVl-meth vlimidazole-2-carboxvlate 
To a solution of 4,5^<2,4^chlorophenyl)-l-memylimidazole (200 
mg, 0.54 mmol) from Step C in THF (5 mL) cooled to -70 °C in a dry ice/acetone 
bath was added 1 .6N n-butyl lithium in hexanes (0.40 mL, 0.65 mmol). The reaction 
was stirred for 1 hr and then ethyl chloroformate (0.10 mL, 1.1 mmol) was added via 

20 syringe. The reaction was allowed to warm to rt for 1 hr and was then quenched with 
aq. sodium bicarbonate and extracted twice with ethyl acetate. The organic layers 
were washed with brine, dried over sodium sulfate, and evaporated. The residue was 
purified by Prep TLC (2x1 mm, silica) (25% ethyl acetate in hexanes) to afford the 
title compound. HPLC/MS: 497 (M+l), 499 (100%, M+3), 501 (M+5); R t = 3.95 

25 min. 

StepE: N^perimn-1-vlV4.5-di-f2-4-dichlorophe nvlVl-methvlimidazole-2- 
carboxamide 

A mixture of ethyl 4^K2,4^chlorophenyl>l-memylimidazole-2- 
30 carboxylate (20 mg, 0.045 mmol) from Step D in neat 1-aminopiperidine (1 mL) was 
heated at 90 °C for 72 hr. Most of the amine was evaporated under a stream of 
nitrogen and the residue was purified by Prep TLC (1 mm, silica) (25 % ethyl acetate 
in hexanes to afford the title compound. HPLC/MS: 497 (M+l), 499 (100%, M+3), 
501 (M+5); R t = 3.95 min. 
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EXAMPLE 31 




^r Yrinhexv))-4-5-di-(24-dich1oro^^ 

Using essentially the same procedure as Example 30, Step E, but using 
cyclohexylamine (1 mL), ethyl 4,5-di-(2 ) 4^cWorophenyl)-l-memyliimdazole-2- 
carboxylate (10 mg, 0.022 mmol) from Example 30, Step D was converted to the tide 
compound. HPLC/MS: 496 (M+l), 498 (100%, M+3), 500 (M+5); R t = 5.04min. 



10 RXAMPLE 32 

. W-fl>iperian-1-v1VU4^hlo TO phenvlW 2 ^ 
carboxamide 

Step A: (4j-V4 , -Chloro-2-hvdroxv-2-('2.4-dichlor np^Pinv1 , >acetophenone 
rhi pherRf isomert and W-V2' -4 > -dich1oro-2-hvdroxv-2-(4- 
15 chlorophenvllacetophenone (lower R f isomer) 

To a mixture of 2,4-dichlorobenzaldehyde (5.3 gm, 30 mmol) and 4- 
cnlorobenzaldehyde (10 gm, 70 mmol) in ethanol (30 mL) was added a solution of 
sodium cyanide (1.0 mg, 20 mmol) in water (10 mL). The reaction was heated to 
reflux (100 - 110 °C) for 5 hr and was men cooled, diluted with water, and extracted 
20 twice with ethyl acetate. The organic layers were washed with brine, dried over 
sodium sulfate, and evaporated. The residue was purified by flash chromatography 
(10% methylene chloride, 5 - 10% ethyl acetate in hexanes) to afford first recovered 
aldehydes and then the higher Rf isomeric trichloro product (contaminated with <10% 
of (+/->2,2' ,4,4'-tetrachlorobenzoin having the same Rf). This was crystallized from 
25 ethyl acetate/hexanes to afford pure (+/-)-4'-chloro-2-hydroxy-2-(2,4- 
dichlorophenyl)acetophenone. 

HPLC/MS: no parent ion; 297 (M+l-18 (H 2 0)), 299 (100%, M+3-18 (H 2 0)); 338 
(100%, M+l-18 (H 2 0) + 41 (CH 3 CN)), 340 (M+3-18 (H 2 0) + 41 (CH3CN)); R t = 
3.6 min 
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iHNMR (CDCI3): 4.45 (d, J = 4 Hz, 1H), 6.28 (br d, 1H), 7.05 (d, J = 8.4 Hz, 1H), 
7.19 (dd, J = 2.2 and 8.4 Hz, HI), 7.41 (dt, J = 2.5 and 8.5 Hz, 2H), 7.46 (d, J = 2.2 
Hz, 1H), 7.85 (dt, J = 2.5 and 8.5 Hz). 

Further elution (10% methylene chloride, 25% ethyl acetate in 

5 hexanes) gave a mixture of the lower Rf isomeric trichloro product and (+/-)-4,4'- 
dichlorobenzoin. This was crystallized from ethyl acetate/hexanes to afford pure (+/- 
)-4,4'-dichlorobenzoin (1.5 gm)- The mother liquor was concentrated to give impure 
( + /_)_2%4 , HficWoro-24iydroxy-2-(4-chlorophenyl)acetophenone as an oil. 
HPLC/MS: no parent ion; R t = 3.6 min 

10 iHNMR (CDCI3): 4.55 (br s, 1H), 5.81 (s, 1H), 7.26 (dt, J = 2.5 and 8.5 Hz, 2H), 
7.32 (dt, J = 2.5 and 8.5 Hz, 2H), 7.39 (dd, J = 2.0 and 8.4 Hz, 1H), 7.48 (d, J = 2.0 
Hz, IS), 7;67 (d, J = 8.4 Hz) and impurities. 

Step B: 4^4^orophenvlV5-f2.4^chlcTOohe nvnimidazole 

15 A mixture of (+/->4'-cWoro-2-hydroxy-2-(2,4- 

dichlorophenyl)acetophenone (4.0 gm, 13 mmol) (higher Rf isomer from Step A) and 
paraformaldehyde (4.0 gm, 130 mmol) in formamide (60 mL) was heated to 200 - 
210 °C for 3 hr. The reaction was cooled to rt, diluted with water, and extracted twice 
with ethyl acetate. The organic layers were washed with brine, dried over sodium 

20 sulfate, and evaporated. The residue was purified by flash chromatography, eluting 
first with 10% methylene chloride, 10% ethyl acetate in hexanes to afford a mixture 
of isomeric oxazoles as higher Rf byproducts (1.7 gm, 40%) (HPLC/MS: 324 (M+l), 
326 (M+3); R t = 43 min). Further elution with 50 - 100% ethyl acetate in hexanes 
gave the tide imidazole product. This was crystallized from ethyl acetate/hexanes to 

25 afford the tide compound as a white solid. 

HPLC/MS: 323 (M+l), 325 (M+3); R t = 2.6 min 

Similar reaction of the impure lower Rf isomeric (+/->2\4'-dichloro- 
2-hydroxy-2-(4-chlorophenyl)acetophenone afforded a mixture which could be 
separated by flash chromatography to give the same isomeric oxazoles, then 

30 additional title imidazole, and then (+/->4,5-(4-chlorophenyl)imidazole. 

StepC: 4^4-ChloronhenvI)-5^2.4^ichlorophenvl) -l-memvlimidazole (higher 
Rf isomeri and 4-(2.4-dichloron henvlVS-f4-chlorot)henvn-l- 
methvlimjHa7r>lft flower Rf isomer) 
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To a solution of 4-(4^:hlorophenyl>5-(2 > 4-dichlorophenyl)imidazole 
(550 mg, 1.7 mmol) from Step B and methyl iodide (0.16 mL, 2.5 mmol) in DMF (10 
mL) was added sodium hydride (60% in mineral oil, 140 mg, 3.4 mmol). The 
reaction was stirred at rt for 1 hr and was then quenched with aq. sodium bicarbonate 

5 and extracted twice with ethyl acetate. The organic layers were washed with brine, 
dried over sodium sulfate, and evaporated. The residue was purified by flash 
chromatography (50 - 75% ethyl acetate in hexanes) to afford the title higher Rf 
compound. HPLC/MS: 337 <M+1), 339 (M+3); R t = 2.7 min.; iHNMR (CDC1 3 ): 
3.48 (s, 3H), 7.22 (dt, J = 2.0 and 8.6 Hz, 2H), 7.26 (d, J = 8.2 Hz, 1H), 7.37 (dt, J = 

10 2.0 and 8.6 Hz, 2H), 7.38 (dd, J = 2.2 and 8.2 Hz, 1H), 7.63 (d, J = 2.2 Hz, 1H), 7.74 
(s, 1H). 

Further elution with 100% ethyl acetate afforded a mixture of isomers 
which were further separated by Prep TLC (3x1 mm, silica) (100% ethyl acetate) to 
give additional higher Rf isomer and pure lower Rf isomer. 
15 HPLC/MS: 337 (M-f 1), 339 (M+3); R t = 2.7 min; iHNMR (CDCI3): 3.67 (s, 3H), 
7.12 (dt, J = 2.0 and 8.6 Hz, 2H), 7.20 (dd, J = 2.0 and 8.2 Hz, 1H), 7.29 (d, J = 8.2 
Hz, 1H), 7.36 (dt, J = 2.0 and 8.6 Hz, 2H), 7.37 (d, J s 2.0 Hz, 1H), 7.78 (s, 1H). 

StepD: Ethyl 4-(4-chlorophenvD-5-(2.4^cMorophenvI)-l"methvlimidazole-2- 

20 carboxvlate 

To a solution of 4-(4-chlorophenyl)-5-(2,4-dichlorophenyl)-l- 
methylimidazole (100 mg, 0.30 mmol) from Step C in THF (4 mL) cooled to -70 °C 
in a dry ice/acetone bath was added 1.6N n-butyl lithium in hexanes (0.22 mL, 0.36 
mmol). The reaction was stirred for 1 hr and then ethyl chloroformate (0.060 mL, 60 

25 mmol) was added via syringe. The reaction was allowed to warm to rt for 1 hr and 
was then quenched with aq. sodium bicarbonate and extracted twice with ethyl 
acetate. The organic layers were washed with brine, dried over sodium sulfate, and 
evaporated. The residue was purified by Prep TLC (2x1 mm, silica) (25% ethyl 
acetate in hexanes) to afford the title compound HPLC/MS: 409 (M-f 1), 411 (M+3); 

30 R t = 4.19 min. 

Step E: Ar-(Piperidin>l-vlV4-(4-chlorophenvlV5-(2,4--dichlorophenvlVl- 
methylimidazole -2-carboxamide 
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A mixture of ethyl 4-(4<:hlorophenyl)-5-(2,4-dichlorophenyl)-l- 
methylimidazole-2-carboxylate (50 mg, 0.125 mmol) from Step D in neat 1- 
aminopiperidine (1 mL) was heated at 90 °C for 72 hr. Most of the amine was 
evaporated under a stream of nitrogen and the residue was purified by Prep TLC (2 x 
5 1 mm, silica) (40% ethyl acetate in hexanes to afford the title compound. 
HPLC/MS: 463 (M+l), 465 (M+3); R t = 3.81 min. 



EXAMPLE 33 




10 jy^CvcIohexvtt-4-(4-chto^ 
carboxamide 

To a solution of 4-(4-chlorophenyl)-5-(2,4-dichlorophenyl>l- 
methylimidazole (50 mg, 015 mmol) from Example 32, Step C in THF (3 mL) cooled 
to -70 °C in a dry ice/acetone bath was added 1.6N n-butyl lithium in hexanes (0.1 1 

15 mL, 0.18 mmol). The reaction was stirred for 1 hr and then cyclohexy] isocyanate 
(0.040 mL, 30 mmol) was added via syringe. The reaction was allowed to warm to rt 
for 1 hr and was then quenched with aq. sodium bicarbonate and extracted twice with 
ethyl acetate. The organic layers were washed with brine, dried over sodium sulfate, 
and evaporated. The residue was purified by Prep TLC (1 mm, silica) (100% 

20 ' methylene chloride) to afford the title compound. 

HPLC/MS: 462 (M+l). 464 (M+3); R t = 5.17 min.; 1HNMR (CDC1 3 ): 1.2-1.8 (4m, 
6H), 1.85 (dt, 2H), 2.05 (m, 2H), 3.92 (s, 3H), 3.96 (m, 1H), 7.24 (d, J = 8.2 Hz, 1H), 
7.31 (br d, J = 8.2 Hz, 2H), 7.44 (dd, J = 2.0 and 8.2 Hz, 1H), 7.47 (br d, J = 8.2 Hz, 
2H), 7.68 (d, J = 2.0 Hz, 1H), 7.88 and 8.33 (2 d, J = 8.8 Hz, 1H). The isomeric 

25 assignment was confirmed by an NOe between the N-Me and 6-H of the 5-(2,4- 
dichlorophenyl) at 5 = 7.24. 



-64- 



WO 03/007887 



PCT/US02/23230 



EXAMPLE 34 



10 




^^exvl^(4^hlorophenvlV5-a.4^ch 1orophenvlVl-methy1imidazole-2- 
caThoxamide 

Using essentially the same procedure as Example 33, but using n-hexyl 
isocyanate (0.040 mL, 0.30 mmol), 4-(4-chlorophenyl)-5-(2,4^1ichlorophenyl)-l- 
methylimidazole (50 mg, 0.15 mmol) from Example 32, Step C was converted to the 
title compound after purification twice by Prep TLC (25% ethyl acetate in hexanes). 
HPLC/MS: 464 (M+l), 466 (M+3); R t = 5.01 min. 

EXAMPLE 35 




. a CH 3 O I 

A/.(t-BiirvlVU4-chlcTOphenvll5-(2A^ 
cafboxamide 

15 Using essentially the same procedure as Example 33, but using t-butyl 

• isocyanate (0.040 mL, 0.30 mmol), 4-(4-chlorophenyl)-5-(2,4-dichlorophenyl)-l- 
methylimidazole (50 mg, 0.15 mmol) from Example 32, Step C was converted to the 
title compound after purification by Prep TLC (25% ethyl acetate in hexanes). 
HPLC/MS: 436 (M+l), 438 (M+3); Rt = 4.83 min. 

20 
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EXAMPLE 36 




N^<^lohexvlV4-f2.4^ 

carfaoxamide 

Method A 

To a solution of 4-(2,4-dichlorophenyl)-5-(4-chloix3phenyl)-l- 
methylimidazole (50 mg, 0.15 mmol) from Example 32, Step C (lower Rf isomer) in 
THF (2.5 mL) cooled to -70 °C in a dry ice/acetone bath was added 1.6N n-butyl 
lithium in hexanes (0.120 mL, 0.18 mmol). The reaction was stirred for 1 hr and then 
cyclohexyl isocyanate (0.040 mL, 0.30 mmol) was added via syringe. The reaction 
was allowed to warm to it for 1 hr and was then quenched with aq. sodium 
bicarbonate and extracted twice with ethyl acetate. The organic layers were washed 
with brine, dried over sodium sulfate, and evaporated. The residue was purified by 
Prep TLC (2x1 mm, silica) (25% ethyl acetate in hexanes) to afford the title 
compound HPLC/MS: 462 (M+l), 464 (M+3); R t = 4_80min.; iHNMR (CDC1 3 ): 
1.2-1.7 (4m, 6H), 1.80 (m, 2H), 2.02 (m, 2H), 3.93 (m, 1H), 4.03 (s, 3H), 7.13 (dt, J = 
2.0 and 8.4 Hz, 2H), 7.265 (dd, J = 2.1 and 8.4 Hz, 1H), 7.35 (d, J = 8.4 Hz, 1H), 7.37 
(m, 1H), 7.39 (dt, J = 2.0 and 8.4 Hz, 2H), 7.9 (v br s„ 1H). The isomeric assignment 
was confirmed by an NOe between the N-Me and the 2- and 6-H of the 5-(4- 
chlorophenyl) at 8 = 7.13. 



Method B 

Step A: Ethvl4-r2.4-dichlorophenvlV5-^^ 
caiboxvlate 

To a solution of 4-(2,4-dichlorophenyl>5-(4-chlorophenyl)-l- 
methylimidazole (72 mg, 0.21 mmol) from Example 32, Step C (lower Rf isomer) in 
THF (3 mL) cooled to -70 °C in a dry ice/acetone bath was added 1.6N n-butyl 
lithium in hexanes (0.160 mL, 0.26 mmol). The reaction was stirred for 1 hr and then 
ethyl chlorofonnate (0.045 mL, 42 mmol) was added via syringe. The reaction was 
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allowed to warm to rt for 1 hr and was then quenched with aq. sodium bicarbonate 
and extracted twice with ethyl acetate. The organic layers were washed with brine, 
dried over sodium sulfate, and evaporated. The residue was purified by Prep TLC (2 
x 1 mm, silica) (25% ethyl acetate in hexanes) to afford the title compound. 
5 HPLC/MS: 409 (M+l), 411 (M+3); R t = 3.92 min. 

Step B: jy-fCvclohexvl)^(2,4-dichloroT3henvlV5-(4-chloro phenvl)-l- 
methvlimidazole -2-c arhnxamide 

A mixture of ethyl 4-(2,4-dichlorophenyl)-5~(4-chlorophenyl>l- 
10 methyUmidazoIe-2-carboxylate (20 mg, 0.05 mmol) from Step A in neat 

cyclohexylamine (2 mL) was heated at 90 °C for 72 hr. Most of the amine was 
evaporated under a stream of nitrogen and the residue was purified by Prep TLC (1 
mm, silica) (25% ethyl acetate in hexanes to afford the title compound. HPLC/MS: 
462 (M+l), 464 (M+3); R t = 4.80 min. 

15 

EXAMPLE 37 




Aimperidin-l-vlW2-4^ 
carboxamide 

20 Using essentially the same procedure as Example 36, Step B (Method 

B), but using neat 1-aminopiperidine (3 mL), ethyl 4-(2,4-dichlorophenyl)-5-(4- 
ch!orophenyl>-l-methylimidazole-2-carboxylate (30 mg, 0.073 mmol) was converted 
to the tide compound after purification by Prep TLC (40% ethyl acetate in hexanes). 
HPLC/MS: 463 (M+l), 465 (M+3); R t = 3.63 min. 

25 
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EXAMPLE 38 




AU(^dnheprvn-4-(2.4-dichIorophen^ 
carboxamide 

5 Using essentially the same procedure as Example 36, Step B (Method 

B), but using neat cycloheptylamine (1.5 mL), ethyl 4-(2,4-dichIorophenyl)-5-(4- 
chlorophenyl)-l-meraylimidazole-2-carboxylate (30 mg, 0.073 mmol) was converted 
to the title compound after purification by Prep TLC (25% ethyl acetate in hexanes). 
HPLC/MS: 476 (M+1), 478 (M+3); R t = 4.96 min. 

10 

EXAMPLE 39 




Al(CvclopenWlY4-(2.4-dichIorophenvl^^^ 
fiarhmcamide 

15 Using essentially the same procedure as Example 36, Step B (Method 

B), but using neat cyclopentylamine (1.5 mL), ethyl 4-(2,4-dichlorophenyl)-5-(4- 
cMorophenyl)-l-memylimidazote-2-carboxylate (30 mg, 0.073 mmol) was converted 
to the title compound after purification by Prep TLC (25% ethyl acetate in hexanes). 
HPLC/MS: 448 (M+l), 450 (M+3); R t = 4.61 min. 

20 
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EXAMPLE 40 

Q .A^ CH 3 0 1^0 

AlflVloipholm-4-vlV4-(2.4-dicMoro^^ 
carboxamide 

. 5 Using essentially the same procedure as Example 36, Step B (Method 

B), but using neat morpholine (1 .5 mL), ethyl 4-(2,4-dichlorophenyl)-5-(4- 
chlorophenyl)-l-methylimidazole-2-carboxylate (30 mg, 0.073 mmol) was converted 
to the title compound after purification by Prep TLC (60% ethyl acetate in hexanes). 
HPLCMS: 465(M+l),467(M+3); R t -3.44min. 

10 

EXAMPLE 41 




^-flPhenvn^(24^cMorophenvn-5^4-chlorophenvlVl-memvlimida2ole-2- 
carboxamide 

15 Using essentially the same procedure as Example 36, Method A, but 

using phenyl isocyanate (0.023 mL, 0.21 mmol), 4-(2,4-dichlorophenyl)-5-(4- 
chlorophenyl)-l-memylimidazole (35 mg, 0.10 mmol) was converted to the title 
compound after purification by Prep TLC (25% ethyl acetate in hexanes). HPLC/MS: 
456 (M+l), 458 (M+3); R t = 4.75 min. 
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EXAMPLE 42 




carboxamide 

5 Step A: 4-(4-Chlorophenviy5^2,4^ch^^ 

Rf isomer) and 4-(2,4^cMorDphepvlV5-(4~c hlQrophenvlVl- 
ethvlimidazole flower Rf isomer) 

To a solution of 4-(4-chlorophenyl)-5-(2,4^chlorophenyl)imidazo]e 
(400 mg, 1.24 mmol) from Example 32, Step B and ethyl iodide (0.200 mL, 2.5 

10 mmol) in DMF (6 mL) was added sodium hydride (60% in mineral oil, 124 mg, 3.1 
mmol). The reaction was stirred at rt for 1 hr and was then quenched with aq. sodium 
bicarbonate and extracted twice with ethyl acetate. The organic layers were washed 
with brine, dried over sodium sulfate, and evaporated The residue was purified by 
flash chromatography (50 - 75% ethyl acetate in hexanes) to afford the title higher Rf 

15 compound. HPLC/MS: 351 (M+l), 353 (M+3); R t = 2.9 min 

Further elution with 100% ethyl acetate afforded a mixture of isomers 
which were farther separated by Prep TLC (3x1 mm, silica) (100% ethyl acetate) to 
give additional higher Rf isomer (85 mg, 18%) and pure lower Rf isomer. HPLC/MS: 
351 (M+l), 353 (M+3); R t = 2.9 min. 

20 

Step B: Ethvl 4-(4^MorophenvlV542.4-dichlorophenvl)-l -^thvlimida2ole-2-- 
carboxvlate 

To a solution of 4-(4-chloropheny^5-(2,4-dichlorophenyl>l- 
ethylimidazole (230 mg, 0.66 mmol) from Step A (higher Rf isomer) in THF (4 mL) 
25 cooled to -70 °C in a dry ice/acetone bath was added 1.6N n-butyl lithium in hexanes 
(0.500 mL, 0.80 mmol). The reaction was stirred for 1 hr and then ethyl 
chloroformate (0.130 mL, 1.3 mmol) was added via syringe. The reaction was 
allowed to warm to rt for 1 hr and was then quenched with aq. sodium bicarbonate 
and extracted twice with ethyl acetate. The organic layers were washed with brine, 
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dried over sodium sulfate, and evaporated. The residue was purified by Prep TLC (3 
x 1 mm, silica) (25% ethyl acetate in hexanes) to afford the title compound. 
HPLC/MS: 423 (M+l), 425 (M+3); R t = 4.37 min. 

5 Ste pC: ^-H>iperidin-l-v1W4^1dor nphfinv1V5-f2.^^.>i1nTnphenvn-l- 
^thyliTnidaz ole -2-carboxamide 

A mixture of ethyl 4-(4-chlorophenyl)-5-(2,4-dichlorophenyl)-l- 
ethylimidazole-2-carboxylate (25 mg, 0.06 mmol) from Step B in neat 1- 
aminopiperidine (2 mL) was heated at 90 °C for 72 hr. Most of the amine was 
10 evaporated under a stream of nitrogen and the residue was purified by Prep TLC (1 
mm, silica) (25% ethyl acetate in hexanes to afford the title compound. HPLC/MS: 
477 (M+l), 479 (M+3); R t = 4.03 min. 



15 




^r Y plnhe.xviy4-(4^Mo ™ ph^ 
caiboxamide 

Using essentially die same procedure as Example 42, StepC, but using 
neat cyclohexylamine (2 mL), ethyl 4-(4-chlorophenyl)-5-(2,4^ichlorophenyl>l- 
20 ethylimidazole-2-carboxylate (30 mg, 0.073 mmol) from Example 42, Step B was 
converted to the title compound after purification by Prep TLC (25% ethyl acetate in 
hexanes). HPLC/MS: 476 (M+l), 478 (M+3); R t = 5.04 min. 



RX AMPLE 44 



25 
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AlflffexvlV4-(4^hlorop^ 
carboxamide 

Using essentially the same procedure as Example 42, Step C, but using 
neat hexylamine (2 mL), ethyl 4-(4-chlorophenyl)-5-(2,4-dichlorophenyl)-l- 
5 ethyhmidazoIe-2-carboxylate (25 mg, 0.060 mmol) from Example 42, Step B was 
converted to the title compound after purification by Prep TLC (25% ethyl acetate in 
hexanes). HPLC/MS: 478 (M+l), 480 (M+3); R t = 5.23min. 

EXAMPLE 45 




iSl(Cvclohexvl>4-(2A^chlorophen^ 
carboxamide 

A solution of 4-(2,4^1ichlorophenyl)-5-(4-chlorophenyl)-l- 
ethylimidazole (43 mg, 0.12 mmol) from Example 41, Step A (lower Rf isomer) in 

15 THF (2 mL) cooled to -70 °C in a dry ice/acetone bath was added 1.6N n-butyl 

lithium in hexanes (0.092 mL, 0,15 mmol). The reaction was stirred for 1 hr and then 
cyclohexyl isocyanate (0.032 mL, 0.25 mmol) was added via syringe. The reaction 
was allowed to warm to it for 1 hr and was then quenched with aq. sodium 
bicarbonate and extracted twice with ethyl acetate. The organic layers were washed 

20 with brine, dried over sodium sulfate, and evaporated. The residue was purified by 
Prep TLC (3x1 mm, silica) (25% ethyl acetate in hexanes) to afford the title 
compound HPLC/MS: 476 (M+l), 478 (M+3); R t = 4.99 min. 

EXAMPLE 46 



25 
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Cvclohexvl 4-(2.4-dichlorophenvlV5-(4^hloiophenvlVl-methvHmidazole -2- 
carboxvlate 

To a solution of ethyl 4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)-l- 
methylimidazole -2-carboxylate (28 mg, 0.07 mmol) from Example 36, Step A 
5 (Method B) in cyclohexanol (2 mL) and methylene chloride (1 mL) was added a 
• catalytic amount of sodium hydride (60% in mineral oil, <5 mg). The mixture was 
stirred at rt for 2 hr and then poured into aq. sodium bicarbonate and extracted twice 
with ethyl acetate. The organic layers were washed with brine, dried over sodium 
sulfate, and evaporated. The residue was purified by Prep TLC (3x1 mm, silica) 
10 (25% ethyl acetate in hexanes) to afford the title compound. HPLC/MS: 463 (M+l), 
465 (M+3); R t = 4.50 min. 



EXAMPLE 47 




15 - N-MethYl~jV>cvclohexvM42,4^chlorophenvlV5-f4-chlorophenvlVl- 
methylimidazote -2-narhoxamirie 

To a solution of iV-cyclohexyl-4-(2,4-dichlorophenyl)-5-(4- 
- • chlorophenyI)-l-methylimidazole -2-carboxamide (15 mg, 0.033 mmol) from 

Example 36, (Method A) and methyl iodide (0.003 mL, 0.049 mmol) in DMF (2 mL) 

20 was added sodium hydride (60% in mineral oil, 2 mg, 0.049 mmol). The mixture was 
stirred at rt for 2 hr and then poured into aq. sodium bicarbonate and extracted twice 
with ethyl acetate. Hie organic layers were washed with brine, dried over sodium 
sulfate, and evaporated. The residue was purified by Prep TLC (0.5 mm, silica) (25% 
ethyl acetate in hexanes) to afford the title compound HPLC/MS: 476(M+1),478 

25 (M+3); R t = 4.40 min. 



-73- 



WO 03/007887 



PCT/US02/23230 



EXAMPLE 48 




AlfCvclohexvl>4-Q.4^ 
carboxamide 

5 Step A: 2<4^hIorophenyl>1^2,4-<fichloTopheiiyl)ethanoiie 

A 5 L round bottom flask equipped with an addition funnel, N 2 inlet, 
thermometer and a mechanical stirrer was charged with 387 mL of 1M sodium bis- 
trimethylsilylamide in THF and cooled to -60 °C A solution of 230 g (1.35 mol) of 
4-chIorophenylacetic acid in 300 mL of THF was added keeping the temperature. 

10 below -40 °C. After stirring the mixture for 90 min at -70 °C, 264 g (1.29 mol) of 
methyl 2,4-dichlorobenzoate was added over 20 min. The solution was started for 40 
min at -70 °C, the cooling bath was removed and the mixture was allowed to warm to 
0 °C. Reaction was quenched by pouring into 4 L of 2N HC1 and ice and extracted 
with ether. Each ether layer was washed with saturated NaHC03, brine, dried with 

15 MgS04 and filtered through a 2" plug of silica gel. The filtrate was concentrated to 

ca. 1 lit of a slushy liquid which was diluted with 1 L of hexane and cooled in a 

i 

refrigerator. The solid formed was filtered, washed with hexane and dried. A second 
crop was isolated by concentrating the mother liquors. The two crops of crystals were 
combined. lH NMR: (500 MHz, CDCI3): 5 4.21 (s, 2H), 7.2-7.5 (m, 7H). 

20 

Step B: H4^orophenyI)-2-(2,4-dichlorophenyl)ethane-l,2-dione 

To a solution of 100 g (0.33 mol) of 2-(4-chlorophenyl)-l-(2,4- 
• dichlorophenyl)emanone in 1 L of DMSO, 75 g (0.42 mol) of NBS was added and the 
mixture was stirred over a weekend. The reaction was poured into 8 L of water and 
25 stirred for 30 min. The yellow solid formed was filtered and dried. This solid was 
purified by passing through a plug of 1 Kg of silica gel using hexane and 5% EtOAc- 
hexane to isolate the title compound. lH NMR: (500 MHz, CDCI3): 6 7.4-8.0 (m, 

7H). 



-74- 



WO 03/007887 



PCT/US02/23230 



S tep C: 5-(4-Chlorophenyl)-4-(2,4-dicMophenyl)- 1 -methyl-imidazole 
A solution of 10 g (31.8 mmol) of l-(4-chlorophenyl)-2<2,4- 
dichlorophenyl)ethane-l,2-dione in 30 mL of acetic acid was treated with 15 g (223 
mmol) of methylamine hydrochloride, 5 g (63.7 mmol) of NH4OAC and 7.8 mL (93.6 

5 mmol) of aqueous formaldehyde (37%). The mixture was refluxed over night, cooled 
and quenched by adding aq. NaOH (final pH 8). The solution was extracted with 
EtOAc and each EtOAc layer was washed with brine, dried and concentrated. The 
residue was purified on a flash column with a gradient of 50-100% EtOAc-hexane 
followed by 5% MeOH-EtOAc to yield 4-(4-chlorophenyl)-5-(2,4-dichlophenyl)-l- 

10 methyl-imidazole (higher Rf, lH NMR (SOOMEfc, CDCI3) 5 3.47 (s, 3H), 7.22-7.24 

(m, 2H), 7.26-7.28 (m, 1H), 7.36-7.39 (m, 3H), 7.64-7.65 (m, 2H).) and 3.5 g .of 5-(4- 
chlorophenyl)-4-<2,4-dich]ophenyl)-l-methyl-imidazole Qower Rf , lH NMR 
(500MHz, CDCI3) for lower Rf: 5 3.66 (s, 3H), 7.12-7.14 (m, 2H), 7.19-7.23 (m, 1H), 

7.26-7.29 (m, 1H), 7.35-7.38 (m, 3H), 7.64 (s, 1H). 

15 

Step D: iVKCyclohexyl>4-(2,4-<ft^^ 
methylimidazole-2-carboxamide 

A solution of 5.5 g (16.2 mmol) of 5-(4-chlorophenyl)-4-(2,4- 
dichlophenyl)-l-methyl-imidazole in 70 mL of THF was cooled in a -78 °C bath and 

20 15 mL of 1.6 M n-BuLi was slowly added. After stirring for 1 h, 5.2 mL (40.7 mmol) 
of cyclohexylisocyanate was added. The cooling bath was removed and the solution 
was stirred for 3 h. The reaction mixture was poured into a mixture of water/EtOAc. 
The layers were separated and the aqueous layer was extracted with EtOAc. The 
combined organic layer was washed with brine, dried and concentrated. The residue 

25 was purified on a flash column using a gradient of 2-10% EtOAc-hexane. The isolated 
product was crystallized from EtOAc-hexane (-1 : 10) to obtain the title compound as 
a white solid with a melting point of 165 °C. lH NMR (500MHz, CDCI3): 5 1.20- 

1.37 (m, 3B), 1.40-1.49 (m, 2H), 1.67-1.71 (m, 1H), 1.80-1.84 (m, 2H), 2.03-2.06 (m, 
2H), 4.02 (s, 3H), 7.13-7.15 (m, 2H), 7.25-7.27 (m, 1H), 7.31-7.33 (m, 1H), 7.37-7.40 
30 (m, 4H). LC-MS: R t = 4.7 min. m/e = 464.1 (M+l). Further elution allowed recovery 
of starting material. 

The following compounds were synthesized by the procedure of example 48 
by substituting an appropriate amine or amine hydrochloride for methylamine in step 
35 C. 
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Ex. 
No. 


Name 


Structure 


retention time 
(min) 


HPLC- 
mass 
pectrum 
rn/e 


49 


N-(Cyclohexyl)-4~ 

(2,4-dichlorophenyl)- 

5-(4-chlorophenyl)-l- 

ethylimidazoIe-2- 

carboxamide 




4.9 


476.1 


50 


N-(Cyclohexyl>-4- 
(2,4-dichlorophenyl)- 

5-{4-chloiophenyl)-l- 
(l-methyl)ethyl- 
imidazole-2- 
carboxamide 


°XXTjvO 

H 


" 4.9 


492.1 


51 


tf-(CyclohexylM- 

(2,4-dicWaiophenyl)- 

5-(4-chlorophenyl)-l- 

(l,l-dimethyl)ethyl- 

imidazole-2- 

caiboxamide 




4.1 


504.0 


52 


iV-(Cyclohexyl>4- 
(2,4-dichlorophenyl)- 
5-(4-chlorophenyl)-l- 
(2- 

dimethylamino)ethyli 

midazole-2- 

carboxamide 


a AA a 


3.4 


521.0 


53 


N-(Cyc]ohexyl)-4- 

(2,4-dichlorophenyl)- 

5-(4-chlorophenyl)-l- 

propylimidazole-2- 

carboxamide 




5.0 


490.1 
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54 



iV-(Cyclohexyl)"4- 
(2,4-dichlorophenyl)- 
5-(4-chlorophenyl)-l- 
butylimidazole-2- 
carboxamide 




5.2 



503.9 



55 



2V-(Cyclohexyl)-4- 
(2,4-dichlorophenyl)- 
5-(4~chlorophenyl)-l- 
(2- 

methoxy)ethylimidazo 
le-2-carboxamide 



6x> 




4.7 



505.9 



EXAMPLE 56 



nJLO 




N-<Pi peridin-l-vlV5-(4-chlo^^ 
5 carboxamide 

Step A: Ethyl 4^2,4^cMorophenyl)-5~(4^^ 

carboxylate 

A solution of LI g (3.25 mmol) of 5-(4-chlorophenyl)-4-(2,4- 
dichlophenyl)-l-methyl-imidazole in 30 mL of dry THF was cooled in a -78 °C bath 

10 and 1.7 mL of 2.5 M n-BuIi in hexane was dropwise added. After stirring the solution 
for 1 h it was added with a canula to 0,623 mL of ethyl chloroformate in THF cooled 
in a -78 °C bath. The cold bath was removed and the reaction was stirred for 1 h then 
quenched with water. The mixture was extracted with EtOAc. The EtO Ac layer was 
washed with brine, dried and concentrated. The residue was chromatographed using a 

15 gradient of 10-20% EtOAc-hexane to isolate the desired product iHNMR 

(500MHz, CDCI3): 5 1.49 (t, 3H), 3.98 (s, 3H), 4.50 (q, 2H), 7.15-7.17 (m, 2H), 7.24- 

7.26 (m, 1H), 7.35-7.41 (m, 4H). 
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StepB: N-(Piperidin~l-yl)-5-(4-chlorophenyl)^ 
methyi-imi<kzole-2-carboxamide 

To a solution of 0.33 mL (3.05 mmol) of 1-aminopiperidine in 2 mL of 
dry toluene under N2, 1.5 mL (3.05 mmol) of 2M trimethylaluminum in hexane was 
5 added with cooling in ice bath. The cold bath was removed, reaction was stirred for 1 
h and 0.5g (1.22 mmol) of ethyl 4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)-l- 
methylimidazoIe-2-carboxylate in 3 mL of toluene, and 1.5 mL of CH2CI2 was 

added. The mixture was heated in a 60 °C bath for 2 h, cooled, quenched with water 
and the pH was adjusted to 5 with 1.2 N HC1. The solution was extracted with EtOAc 

10 twice. The combined EtOAc layer was washed with brine, dried and concentrated. 
The residue was purified by flash chromatography using 30% EtOAc/hexane as an 
eluant to isolate the title compound. lH NMR (500MHz, CDCI3): 8 1.47 (m, 2H), 
1.77-1.82 (m, 4H), 2.89 (s, 4H), 4.00 (s, 3H), 7.11-7.14 (m, 2H), 7.23-7.26 (m, 1H), 
7.28-7.30 (m, 1H), 7.36-7.39 (m, 3H), 8.15 (s, 1H). LC-MS: R t = 3.6 min. m/e = 

15 465.1 (M+l). 



The following compounds were prepared according to the procedure of 
example 56, by substituting an appropriate amine for 1-aminopiperidine in step B. 



Ex. 
No. 


Name 


Structure 


retention time 
(min) 


HPLC- 
mass 
spectrum 
m/e 


57 


N-(Pyrrolidin-l-yl> 
5-(4-chlorophenyl)- 
4-(2,4- 

dichlorophenyl)-l- 

methyl-imidazole-2- 

carboxamide 




3.1 


451.1 


58 


N-(Azepin-l-yl)-5- 
(4-chlorophenyl)-4- 
(2,4-dichlorophenyl)- 

1- methyl-imidazole- 

2- carboxamide 




3.6 


479.2 
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5 


9 A 
d 
c 

E 
C 


r-(Peatyl)-4-(2,4- | 
ichlorophenyl)-5-(4-j 
hlorophenyl)-l- j 
aethyliinidazole-2- 
arboxamide 1 




4.7 


452.1 


e 


10 I 

i 
< 


tf-(l-Ethylpropyl)-4- 
2,4-dichlorophenyl)- 
>-(4-chlorophenyl)- 
l-methylimidazole-2- 
;arboxamide 1 




4.64 


452.1 


i 


51 


ftKl-Methylethyl)-4- j 
(2,4-dichlorophenyl)- 
5-(4-chlorophenyl)- 
1 -methylimi dazole-2- j 
carboxainide 




" 4.2 


424.0 


62 


iST-(3-Cyclohexenyl)- 
4-(2,4- 

dichlorophenyl)-5-(4' 
chlorophenyl)-l- 
methylimidazole-2- 
carboxamide 




4.6 


460.0 


63 


A^(Tetrahydropyran- 

4-yl)-4-(2,4- 

dichlorophenyl)-5-(4- 

chlorophenyl>l- 

methylimidazole-2- 

carboxamide 


1 ^f-p 


| 3.9 


465.8 


64 


AK2,2-Dimethyl- 

tetrahydropyran-4- 

y l)-4-(2,4~ 

dichlorophenyl>5-(4 

chlorophenyl)-l- 

methylimidazole-2- 

carboxamide 




| 4.2 


493.8 
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65 


AT-((2-Trans- 

hycfroxymethyl)cyclo 

hexyl)-4-(2,4- 

dichlorophenyl)-5-(4- 

chlorophenyl)-l- 

methylimidazole-2- 

carboxamide 


OH 


4.3 


494.0 


66 


AH(2-Cis- 

hydroxymethyl)cyclo 

hexyl)-4-(2,4- 

dichlorophenyl)-5-(4- 

chlorophenyl)-!- 

methylimidazole-2- 

carboxamide 


OH 

a xx a 


4.1 


494.0 


67 


WH(2-Trans- 

hydroxy)cyclohexyl> 

4-(2,4- 

dichlorophenyl)-5-(4- 
chlorophenyl>l- 
methylimidazole-2- 
carboxamide 


H OH 


3.9 


478.0 


68 


tf-((2-Cis- 

hydroxy)cyclohexyl)- 
4-(2,4- 

<fichlorophenyl>5-(4- 
chlorophenyl)-l- 
methylimidazole-2- 
carboxamide 




4.0 


480.0 


69 


AK(4-Trans- 

hydroxy)cyclohexyl)- 

4-(2,4- 

dicMorophenyl)-5-(4- 

chloropheny])-l- 
methylimidazole-2- 




3.8 


480.0 
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{ 


:arboxaniide 








70 J 
< 

< 


y-(4-Methyl- 

;yclohexyl}4-(2>4- 

dichlorophenyl)-5-(4- 

chlorophenyl)-l- 

methylimidazole-2- 

carboxamide (Isomer 

A) 


Isomer A 


4.96 


476.0 


71 


iV-(4-Methyl- 

cyclohexyl)-4-(2,4- 

dichlorophenyl>5-(4- 

chlorophenyl)-l- 

methyliinidazole-2- 

carboxamide (Isomer 

B) 


Isomer B 


4.99 


478.0 


72 


AT-(l-Fluoro- 

cyclohexen-4-yl)-4- 

(2,4-dichlorophenyl)- 

5-(4-chlorophenyl> 

l-methylimidazole-2- 

carboxamide 




4.53 


480.0 


73 


jV-(4,4-Difluoro- 

cyclohexyl)-4-(2,4- 

dichlorophenyl)-5-(4- 

chlorophenyl>l- 

methylimidazole-2- 

catboxamide 




4.48 


500.0 



EXAMPLE 74 
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4-(2.4-DicMorophenvlV5^ 

The title compound was prepared from ethyl 4-(2 > 4-dichlorophenyl)-5- 
(4-chIoit>phenyl>l-methyIimida2ole-2-carboxylate and 2 M NH3 in MeOH following 

5 the method of example 36, step B (method B). LC-MS: R t = 3.6 min. m/e = 379.9 
(M+l). 



EXAMPLE 75 




10 N-(Piperidin-l-vlV5-(4-cMoroph^ 
carboxamide 

Step A 5-(4-chlon>phenyl)-4-(2,4-dicM^ 
ethoxy) methyl}-LH- imidazole 

To a solution of 5-(4K:Worophenyl)-4-(2,4-dichlorophenyl-lfl- 

15 imidazole (500 mg, 1.54 inmol) in 3 mL of DMF sodium hydride (59 mg, 1.54 mmol) 
was added in portions over a period of 15 minutes. The mixture was allowed to stir 
until H 2 evolution ceased and it was clear. To this solution 2-(trimethylsilyl)ethoxy 
methyl chloride was added After stirring overnight, the reaction was quenched with 
water and extracted with EtOAc. The organic layer was washed with water (3 x 20 

20 mL), brine (1 x 30 mL), dried with Na2SO*, filtered, and concentrated to dryness. 

The residue was purified on a silica gel column eluting with hexane and 20% 
EtOAc/hexane to give the title compound. lH NMR (500MHz, CDCI3): 5 0.004 (s, 

9H), 0.84-0.88 (m, 2H), 3.42 (t, 2H), 5.05 (d, 1H), 5.16 (d, 1H), 7.26 (d, 2H), 7.35 (d, 
1H), 7.40-7.42 (m, 3H), 7.62 (d, 1H), 7.80 (s, 1H). 
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Step B AT-Piperidin-l-yl-S-(4-chloropte 
trimethylsilyl)ethoxy)methyl)~llto 

The title compound was prepared from 5-(4-chlorophenyl)-4-(2,4- 
diclilorophenyl)-l-((2-trimethylsilyl)ethoxy) methyl}-li?- imidazole as described in 
5 example 56, steps A and B. lH NMR (500MHz, CDCI3): 8 -0.018 (s, 9H), 0.82-0.90 

(m, 2H), 1.52 (m, 2H), 1.81-1.85 (m, 4H), 2.94 (s, 4H), 3.54-3.61 (m, 2H), 5.47 (d, 
1H), 6.04 (d, 1H), 7.28 (d, 2H), 738-7.43 (m, 4H), 7.60 (d, 1H), 8.29 (s, 1H). 

Step C 7ST-(Piperi<fin-l-yl)-5-(^ 
10 iimdazole-2-carboxarriide 

To a solution of 5-(4-chlorophenyl)-4-(2,4-dichlorophenyl)-iV- 
piperidin-l-yl-l-(((2-trimethylsilyl^^ 

(180 mg, 0.310 mmol) in 2 mL dichloromethane was added boron tiifluoride diethyl 
etherate (393 nL, 3.10 mmol). After stirring overnight, the reaction was quenched 
15 with aqueous K2CO3. The aqueous layer was extracted with EtOAc (3 x 10 mL). 
The combined organic extract was washed with brine, dried over Na2S04, filtered, 

and concentrated. The residue was purified by preparative HPLC to isolate the title 
compound. iHNMR (500MHz, CDCI3): 5 1.54 (m, 2H), 1.78-1.83 (m, 4H), 3.12- 
3.14 (m, 4H), 7.30 (m, 1H), 7.32-7.33 (m, 7H), 7.52 (d, 1H)._ LC-MS: R t = 3.4 min. 
20 m/e= 450.9 (M + l). 



The following analogs were prepared by the methods described in example 48 
and/or example 56. 









retention time 


HPLC- 


Ex. 


Name 


Structure 


(min) 


mass 


No. 








spectrum 
m/e 


76 


iV-(Piperidin^l-yl>5-(4- 

chlorophenyl)-4-(2,4- 

dichlorophenyl)-l- 

ethyl-imidazole-2- 

carboxamide 




3.7 


479.0 



-83- 



WO 03/007887 



PCT/CS02/23230 



77 


N-(Piperidin-l-yl)-5-(4- 

cUorophenylM-(2,4- 

dichlorophenyl)-l-(l- 

methyl)ethyl-iniidazole- 

2-carboxamide 




3.8 


493.1 


78 


NKPiperidin-l-yl)-5-(4- 
chlorophenyl)-4-(2,4- 

dichlorophenyl)-l-(14- 
dimethyl)ethyl- 
imidazole-2- 
caiboxamide 




3.4 


505.1 


79 


N-(Piperidin-l-yl>5-(4- 

chlorophenyl)-4-(2,4- 

dichlorophenyl)-l-(2- 

dimethylamino)ethyl- 

imidazole-2- 

carboxamide 


T 

r ° O 


2.9 


522.0 


80 


N^peridin-l-yl>5-(4- 

chlorophenyl>4-(2,4- 

dichlorophenyl)-l~ 

propyl-inudazole-2- 

carboxamide 




3.9 


491.1 


81 


N-(Piperidin-l-yl)-5K4- 

chlcax)phenyl)-4-(2,4- 

dichlorophenyl)-l- 

butyl-imidazole-2- 

carboxamide 




4.1 


506.9 


82 


N-0PiperidiB-l-yl)-5-(4- 

chlorophenyl)-4~(2,4- 

dichlorophenyl>l-(2- 

methoxy)ethyl- 

imidazole-2- 

carboxamide 


o" 


3.7 


508.9 
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83 


AT-(CyclohexylH-(2- 

chlorophenyl>5-(4- 

chlorophenyl)-!- 

methylimida2.ole-2- 

carboxamide 


ay 


I 


4.2 


428.0 


84 


iV-(Piperidin-l-yl)-4-(2- 

chlorophenyl>5-(4- 

chlorophenyl)-l- 

methyl-imidazole-2- 

carboxamide 


if 




3.1 


429.1 



EXAMPLE 85 
CaimabinoidReceptor-1 (CBD Binding Assay. 

Binding affinity determination is based on recombinant human CB1 

5 receptor expressed in Chinese Hamster Ovary (CHO) cells (Felder et al, MoL 

Pharmacol. 48: 443-450, 1995). Total assay volume is 250 pi (240 CB1 receptor 
membrane solution plus 5 test compound solution plus 5 jxl [3H]CP-55940 
solution). Final concentration of [3HJCP-55940 is 0.6 nM. Binding buffer contains 
50mMTris-HCl, pH7.4, 2.5 mM EDTA, 5mM MgCl2, 0.5mg/ml fatty acid free 

10 bovine serum albumin and protease inhibitors (Cat#P8340, from Sigma). To initiate 
the binding reaction, 5 |jl of radioligand solution is added, the mixture is incubated 
with gentle shaking on a shaker for 1.5 hours at 30°C. The binding is terminated by 
using 96-well harvester and filtering through GF/C filter presoaked in 0.05% 
polyethylenimine. The bound radiolabel is quantitated using scintillation counter. 

15 Apparent binding affinities for various compounds are calculated from IC50 values 
(DeBlasi et al., Trends Pharmacol Sci 10: 227-229, 1989). 

The binding assay for CB2 receptor is done similarly with recombinant 
human CB2 receptor expressed in CHO cells. 

20 EXAMPLE 86 

CannabinoidReceptor-1 (CB1) Functional Activity Assay. 

The functional activation of CB1 receptor is based on recombinant 
human CB1 receptor expressed in CHO cells (Felder et al, Mol. Pharmacol. 48: 443- 
450, 1995). To determine the agonist activity or inverse agonist activity of any test 
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compound, 50 ul of CB1-CHO cell suspension are mixed with test compound and 70 
ul assay buffer containing 0.34 mM 34sobutyM-methylxanthine and 5.1 uM of 
forskolin in 96-well plates. The assay buffer is comprised of Earle's Balanced Salt 
Solution supplemented with 5 mM MgCl2, 1 xnM glutamine, 10 mM HEPES, and 1 

5 mg/ml bovine serum albumin. The mixture is incubated at room temperature for 30 
minutes, and terminated by adding 30ul/well of 0.5M HC1. The total intracellular 
cAMP level is quantitated using the New England Nuclear Flashplate and cAMP 
radioimmunoassay kit 

To determine the antagonist activity of test compound, the reaction 

10 mixture also contains 0.5 nM of the agonist CP55940, and the reversal of the 

CP55940 effect is quantitated. Alternatively, a series of dose response curves for 
CP55940 is performed with increasing concentration of the test compound in each of 
the dose response curves. 

The functional assay for the CB2 receptor is done similarly with 

15 recombinant human CB2 receptor expressed in CHO cells. 

While the invention has been described and illustrated with reference 
to certain particular embodiments thereof, those skilled in the art will appreciate that 
various changes, modifications and substitutions can be made therein without 
departing from the spirit and scope of the invention. For example, effective dosages 

20 other than the particular dosages as set forth herein above may be applicable as a 

consequence of variations in the responsiveness of the mammal being treated for any 
of the indications for the compounds of the invention indicated above. Likewise, the 
specific pharmacological responses observed may vary according to and depending 
upon the particular active compound selected or whether there are present 

25 pharmaceutical carriers, as well as the type of formulation and mode of administration 
employed, and such expected variations or differences in the results are contemplated 
in accordance with the objects and practices of the present invention. It is intended, 
therefore, that the invention be defined by the scope of the claims which follow and 
that such claims be interpreted as broadly as is reasonable. 
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WHAT IS CLAIMED IS: 



1. A method of treating a disease mediated by the Cannabinoid-1 
receptor comprising administration to a patient in need of such treatment of a 
5 therapeutically effective amount of a compound of structural formula i 

.R 2 



Ar 



Ar 2 



CO 



wherein; 

Rl is selected from: 
10 (1) hydrogen, 

(2) CMOalkyl, 

(3) C2-10aItenyl, 

(4) C2-10alkynyl, 

(5) cycloalkyl, 

15 (6) cycloalkyl-Ci-ioalkyl, 

(7) cycloheteroalkyl, 

(8) cycloheteroalkyl-Ci-ioalkyl, 

(9) aryl, 

(10) heteroaryl, 

20 (11) aryl-Ci-iOalkyl, and 

(12) heteroaryl-Ci-ioalkyl; 
wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl and heteroaryl are 
optionally substituted with one to four substituents independently selected from R b ; 

25 R 2 is selected from: 

(1) C no alkyl, 

(2) C2-10alkenyl, 

(3) C 2-10 alkynyl, 

(4) cycloalkyl, 
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(5) cycloalkyl-C no alkyl, 

(6) cycloheteroalkyl, 

(7) cycloheteroalkyl-C i_io alkyl, 

(8) aryl, 

5 (9) heteroaryl, 

(10) aryl-C i-io alkyl, 

(11) heteroaryl-C no alkyl, 

(12) -OR d 

(13) -NR d R e , and 
10 (14) -NRdS(0)mRe; 

wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl, cycloheteroalkyl, and 
heteroaryl are optionally substituted with one to four substituents independently 
selected from R^; 

15 Arl and Ar 2 are independently selected from phenyl, naphthyl, thienyl, furanyl, 
pyrrolyl, benzothienyl, benzofuranyl, indanyl, indenyl, indolyl, tetrahydronaphthyl, 
2,3-dihydrobenzofuranyl, dihydrobenzopyranyl, and 1,4-benzodioxanyl, each 
optionally substituted with one or two groups independently selected from R c ; 
each R a is independently selected from: 

20 (1) -OR d , 

(2) -NRdS(0)mRe 

(3) -N0 2 , 

(4) halogen, 

(5) ^(OJmRd 
25 (6) -SR d , 

(7) -S(0)20Rd, 

(8) -S(0)mNRdRe 

(9) -NR d R e , 

(10) -O^RfRSJnNRdRe, 
30 (11) -C(0)R d 

(12) -C02R d 

(13) -C02(CR f Rg) n CONRdRe, 

(14) -OC(0)R d 

(15) -CN, 
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(16) -C(0)NR d R e , 

(17) -NR<kXO)R e , 

(18) -OC(0)NR d R e , 

(19) -NRdC(0)OR e , 

5 (20) -NRdC^NRdRe 

(21) -CR d (N-OR e ), 

(22) CF3, 

(23) -OCF 3 , 

(24) C3-8cycloalkyl, and 
10 (25) cycloheteroalkyl; 

each R° is independently selected from: 

(1) R* 

(2) Ci-ioalkyl, 

(3) C2-10 alkenyl, 
15 (4) C2-10alkynyl, 

(5) aryl, and 

(6) aryl-Ci-ioalkyl; 

wherein alkyl, alkenyl, alkynyl, and aryl are optionally substituted with one to four 
substituents selected from a group independently selected from R c ; 
20 each R c is independently selected from: 

(1) halogen, 

(2) -NR d R e 

(3) Chalky], 

(4) Ci-4alkoxy, 
25 (5) aryl, 

(6) aryl Ci^alkyl, 

(7) hydroxy, 

(8) CF 3 , 

(9) -OCF3, 
30 (10) -C(0)R d 

(11) -C02R d , 

(12) -C(0)NR d R e , 

(13) -OC(0)CMaIkyl, 

(14) -NRdC^Re 
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(15) -OC(0)NR d R e , 

(16) ^NRdC^ORe, 

(17) -NR d C(0)NR<*Re 

(18) -OC(0)NR d R^ and 
5 (19) aryloxy; 

R d and R e aie independently selected from hydrogen, Ci-ioalkyl, unsubstituted oi 
substituted with one to three substituents selected from Rh, C2-10 alkenyl; C2- 
IQalkynyl; cycloalkyl, unsubstituted or substituted with one to three substituents 
selected from Rh; cycloalkyl-Ci_ioalkyl; cycloheteroalkyl, unsubstituted or 
10 substituted with one to three substituents selected from Rh; cycloheteroalkyl-Ci-io 
alkyl; aryl, unsubstituted or substituted with one to three substituents selected from 
Rh; heteroaryl, unsubstituted or substituted with one to three substituents selected 
from Rh; aryl-Ci-ioalkyl; and heteroaryl-Cnoalkyl; or 

R d and R e together with the atom(s) to which they are attached form a heterocyclic 
15 ring of 4 to 7 members containing 0-2 additional heteroatoms independently selected 
from oxygen, sulfur and N-R d ; 

R f and RS are independently selected from hydrogen, Ci-ioalkyl, C2-10 alkenyl, C - 
lOalkynyl; cycloalkyl; cycloalkyl-Ci-io alkyl; cycloheteroalkyl; cycloheteroalkyl-Ci- 
10 alkyl; aryl; heteroaryl; aryl-Cno alkyl; and heteroaryl-Ci-io alkyl; or 
20 R f and RS together with the carbon to which they are attached f oral a ring of 5 to 7 
members containing 0-2 heteroatoms independently selected from oxygen, sulfur and 
nitrogen; 

each Rh is independently selected from: 

(I) halogen, 
25 (2) amino, 

(3) carboxy, 

(4) Ci^aDeyl, 

(5) Ci^alkoxy, 

(6) aryl, 

30 (7) aryl Ci^alkyl, 

(8) hydroxy, 

(9) CF 3 , 

(10) OC(0)Ci^alkyl,and 

(II) aryloxy; 
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m is selected from 1 and 2; and 

n is selected from 1, 2, and 3; 

and pharmaceutical acceptable salts thereof. 

5 2. The method according to Claim 1 wherein the disease mediated 

by the Cannabinoid-1 receptor is selected from: psychosis, memory deficit, cognitive 
disorders, migraine, neuropathy, neuro-inflammatory disorders, cerebral vascular 
accidents, head trauma, anxiety disorders, stress, epilepsy, Parkinson's disease, 
schizophrenia, substance abuse disorders, obesity, and other eating disorders 

10 associated with excessive food intake. 

3. The method according to Claim 2 wherein the disease mediated 
by the Cannabinoid-1 receptor is an eating disorders associated with excessive food 
intake. 

15 

4. The method according to Claim 3 wherein the eating disorder 
asssociated with excessive food intake is selected from obesity, bulimia nervosa, and 
compulsive eating disorders. 

20 5. The method according to Claim 4 wherein the eating disorder 

associated with excessive food intake is obesity. 

6. The method according to Claim 1, wherein in the compound of 
structural formula I: 
25 Rl is selected from: 

(1) hydrogen, 

(2) CMOalkyI, 

(3) C2-10 alkenyl, 

(4) C2-10alkynyl 
30 (5) cycloalkyl, 

(6) cycloalkyl~Ci-ioaIkyl, 

(7) aryl-Ci-ioalkyl, and 

(8) heteroaryl-Ci-ioalkyl; 
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wherein alkyl, alkenyl, alkynyl, and cycloalky] are optionally substituted with one to 
four substituents independently selected from R a , and aryl and heteroaryl are 
optionally substituted with one to four substituents independently selected from R^; 



R2 is selected from: 


(i) 


Ci-io alKyi, 


(2) 


L.2-10 aiKenyi, 


(3) 


C2-10 alkynyl, 


(4) 


cycloalkyl, 


(5) 


cycloalkyl-C i-io alkyl, 


(6) 


cycloheteroalkyl, 


(7) 


cycloheteroalkyl-C l-io alkyl, 


(8) 


aryl, 


(9) 


heteroaryl, 


(10) 


aryl-C 1 40 alky], 


(ID 


heteroaryl-C i-io alkyl, 


(12) 


ORd and 


(13) 


-NR d R e , 



wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl, cycloheteroalkyl, and 
20 heteroaryl are optionally substituted with one to four substituents independently 
selected from R b ; 

Arl and Ar2 are independently selected from phenyl, naphthyl, thienyl, each 
optionally substituted with one or two groups independently selected from R c ; 
each R a is independently selected from: 



25 


(1) 


-OR d , 




(2) 


-NRdS(0) m Re, 




(3) 


-S(0)mRd 




(4) 


-SR d , 




(5) 


-S(0)mNR d Re, 


30 


(6) 


-NR d R e , 




(7) 


-0(CR f Rg)nNR d R e , 




(8) 


-C02R d , 




(9) 


-CO2(CR f Rg) n C0NR d R e , 




(10) 


-OC(0)R d 
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(11) -C<0)NR d R e , 

(12) -NRdCCCORe, 

. (13) -OC(0)NR d R e , 

(14) -NR.dC(0)OR e , 

5 (15) -NRdC^NRdRe, 

(16) -CR^CN-ORe), 

(17) -CF3, and 

(18) -OCF3, 

each R b is independently selected from: 

10 (1) R a . 

(2) halogen, 

(3) -CN, 

(4) Ci-ioalkyl, 

(5) C2-10 alkenyl, 
15 (6) C2-IO alkynyl, 

(7) aryl, and 

(8) aryl-Ci-iOalkyl; 

wherein alkyl, alkenyl, alkynyl, and aryl are optionally substituted with one to four 
substituents selected from a group independently selected from R c ; 
20 ■ each R c is independentiy selected from: 

(1) halogen, 

(2) -NR d R e 

(3) Ci^aIkyl, 

(4) Ci-4alkoxy, 
25 (5) aryl Ci_4alkyl, 

(6) hydroxy, 

(7) CF3, 

(8) -OCF3, 

(9) -C02R d , 

30 (10) -C(0)NR d R e ,and 

(11) -NR^CCOR 6 ; 
Rd and R e are independently selected from hydrogen, Ci-ioalkyl, cycloalkyl; 
cycloalkyl-Ci_ioalkyl; cycloheteroalkyl; cycloheteroalkyl-Ci-io alkyl; aryl; 
heteroaryl; aryl-Ci-ioalkyl; and heteroaryt-Ci-ioalkyl; or 
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R d and R e together with the atom(s) to which they are attached form a heterocyclic 
ring of 4 to 7 members containing 0-2 additional heteroatoms independently selected 
from oxygen, sulfur and N-Rd; 

R f and Rg are independently selected from hydrogen, Ci-ioalkyl, cycloalkyl; 
5 cycloalkyl-Ci-io alkyl; cycloheteroalkyl; cycloheteroalkyl-Ci-10 alkyl; aryl; 
heteroaryl; aryl-Ci-10 alkyl; and heteroaryl-Ci-io alkyl; or 
R* and RS together with the carbon to which they are attached form a ring of 5 to 7 
members containing 0-2 heteroatoms independently selected from oxygen, sulfur and 
nitrogen; 

10 m is selected from 1 and 2; and 
n is selected from 1, 2, and 3; 
and pharmaceutical^ acceptable salts thereof. 

7. The method according to Claim 6, wherein in the compound of 
1 5 structural formula L 
Rl is selected from: 

(1) hydrogen, and 

(2) Cuoalkyl; 

R2is selected from: 
20 (1) -OR d ,and 

(2) -NRdRe; 

Arl and Ar2 are phenyl, each optionally substituted with one or two groups 
independently selected from R c ; 
each R c is independently selected from: 
25 (1) halogen, 

(2) Ci-4 alkyl, and 

(3) CF3; 

R d and R e are independently selected from hydrogen, Cuoalkyl; cycloalkyl; 
cycloaikyl-Ci-ioalkyl; cycloheteroalkyl; cycloheteroalkyl-Ci-10 alkyl; aryl; 
30 heteroaryl; aryl-Ci-ioalkyl; and heteroaryl-Cnoalkyl; or 

R d and R e together with the nitrogen to which they are attached form a heterocyclic 
ring of 4 to 7 members containing 0-1 additional heteroatoms independently selected 
from oxygen, sulfur and N-Rd; 
and phaimaceutically acceptable salts thereof. 
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8. The method according to Claim 7, wherein in the compound of 
structural formula I: 

Rl is selected from: 
5 (1) hydrogen, 

(2) methyl, and 

(3) ethyl; 
R2is selected from: 

(1) -ORd, and 
10 (2) -NRdRe; 

Arl and Ar 2 are phenyl, each optionally substituted with one or two groups 
independently selected from RC; 
each Rc is independently selected from: 
(1) chloro, 
15 (2) fluoro, 

(3) methyl, and 

(4) CF 3 ; 

R d is selected from hydrogen, methyl, ethyl, n-propyl, isopropyl, butyl, t-butyl, n- 
hexyl, cyclohexyl, cycloheptyl, piperidinyl, morpholinyl, pyrrolidinyl, 
20 cycloheteroalkyl, phenyl and benzyl; 

R e is selected from hydrogen and methyl; or 

R d and R e together with the nitrogen to which they are attached form a piperidinyl, 

pyrrolidinyl, or morpholinyl ring; 

and pharmaceutically acceptable salts thereof. 

25 

9. The method according to Claim 8, wherein the compound 
according to structural formula I: 

Rl is selected from: 

(1) methyl, and 
30 (2) ethyl; 

R2 is -NRdRe; 

Arl and Ar2 are each independently selected from: 

(1) phenyl, 

(2) 4-chlorophenyl, 
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(3) 4-methylphenyl, and 

(4) 2,4-dichlorophenyl; 

R d is selected from cyclohexyl, cycloheptyl, pipetidinyl, morpholinyl, pyrrolidinyl, 
phenyl and benzyl; 
5 R e is hydrogen; or 

Rd and R e together with the nitrogen to which they are attached form a piperidinyl, or 
pyrrolidinyl ring; 

and pharmaceutically acceptable salts thereof. 

10 10. The method according to Claim 9, wherein in the compound 

according to structural formula I: 
Rl is methyl; 
R2 is -NRdRe; 

Arl is 4-chlorophenyl, and Ar2 is 2,4-dichlorophenyl; 
15 R d is selected from cyclohexyl and 1-piperidinyl; 
R e is hydrogen; 

and pharmaceutically acceptable salts thereof. 

1 1. The method according to Claim 1 , wherein the compound of 
20 structural formula I is selected from: 

(1) benzyl 4,5-diphenyH-methylimidazole-2-carboxylate T 

(2) benzyl 4^-di^4-methylphenyl>l-methylimidazole-2-carboxylate, 

(3) ethyl 4,5-<K-(4-methylphenyl>l-methylimidazole-2-caiboxylate, 

(4) ^(piperidm-l-ylH^^phenyl-l-^ 

25 (5) 2-(piperidin-l-ylcarbonyl)^,5-diphenyl-l-methylimidazole t 

(6) J\^(morpholin-4-yl)^,5KUphenyl-l-^ 

(7) iV^phenyl^,5-diphenyl-l-methyhmidazole-2-carboxamide, 

(8) AT-hexyM,5-diphenyl-l-methylimidazole--2-carboxamide, 

(9) JV'-cyclohexylAS^phenyl-l-methylimidazole^^aiboxamide, 

30 (10) JV-(piperidin-l-yl)A5-dH^ 

carboxamide, 

(1 1) 2-(piperidin-l-ylcarbonyl)-4,5-di-(4»methylphenyl)-l- 
methylimidazole, 

(12) iVKmorphoHn^ylM,5^-(4-methylphenyl>l-methylim^ 
35 caiboxamide, 
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(13) 2-fcyixoUdm-l-ylc^ 
methylimidazole, 

(14) i^benzyM^^^methylphenylVl-methylimid 

(15) tf-phenyl-4,5-dH4-methy^^ 
5 (16) N-hexyM,5-dH4-methy^^ 

(17) iV-t-butyI-4 5 5-di-(4-methylphenyl)- l-methyliniida2ole-2-caiboxamide, 

(18) iV^cyclohexyM,5-(B-(4-methylphenyl)-l-methybiruda^ 
carboxamide, 

(19) #-propyM,5-dH4-me%lph 

10 (20) ^-methyM,5^-(4-methylphenyl)-l-methyliim 

(21) benzyl 4,5^-(4^Morophenyl)-l-methylimidazole--2-carboxylate, 

(22) iV-(piperidin-l-ylM,5^K^ 
carboxamide, 

(23) 2^iperidin-l-ylcarbonylM,5-^ 
15 (24) J\Kmorpholin~l-yl)A5-di^^^ 

carboxamide, 

(25) W-(hexylM>5^-(4^hloio^^ 

(26) ^(t-butylH^-(4^hloiophenyl)-l-methyKim(^ 

(27) JHcyclohexyI)-4,5-di-(4^mo^ 
20 carboxamide, 

(28) iV r -hexyl^,5-di-(4<hlorophenyl)imidazole>2^arboxainide, 

(29) AteyclohexyM,5^K4-chto^ 

(30) JV-t-butyl^^^-(4^Worophenyl)imidazo]e-2-carboxamide, 

(31) benzyl 4,5-di-(4-chlorophenyl)-l-(2-<trimethylsilyl) 
25 ethoxymethyl)iiridazo]e-2^arboxylate, 

(32) W-(piperidin-l-ylM>5Kli-(4^ 

(33) JV^(piperi<Kn-l-ylM,5^<2,4^chl^^ 
carboxamide, 

(34) iV-(cyclohexyl)^,5^-(2,4-dichlorophenyl)-l-methylimidazole-2 
30 carboxamide, 

(35) NKpiperidin-l-y])^(4^hIoropheny]>5^2,4^chlorophenyl)-l- 
methylimidazoIe-2-carboxamide, 

(36) iV-(cyclohexyl)-^4-chlorophenyl)-5-(2,4-dichlorophenyI>l- 
methylimidazole-2-carboxamide, 
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(37) iV-(hexyl)^-(4^Morophenyl)-5-(2 > 4-dichlorophenyl>l- 
methylimidazole-2-carboxamide, 

(38) J\Kt-butyl)-4-(4-cWorophen^^^^ 
methylimidazole-2-carboxamide, 

5 (39) iVKcyclohexyl)^2,4^chlorophenyl)-5-(4-chlorophenyl>l- 

methylimidazole-2-carboxamide, 

(40) JV^iperidin-l-yl)^(2,4-^chloropheTiyl)-5--(4-chlorophenyl)-l- 
methylimidazole-2-carboxamide, 

(41) iV^cycloheptyl)^2,4-dichloropheny])-5-(4-cMorophenyl)-l-- 
10 methylimidazole-2-carboxamide, 

(42) iV-(cyclopentyl)-4-(2 1 4-dicMorophenyl)-5-(4-cMorophenyl)-l- 
methylimidazole-2-caiboxamide, 

(43) iV^niorpholin^yl)^(2/l-dicMoroph^ 
methylimidazoIe-2-caiboxamide, 

15 (44) i\T~(phenyl)^(2,4^chloropheiiyl>5-(4-cWon)phenyI)-l- 

methylimidazole-2-caiboxamide, 

(45) AT-(piperidin-l-yl)^(4K:Mo 
ethyHmidazole-2-carboxamide, 

(46) iV-(cyclohexyl)-4^4^h]orophenyl)-5-(2,4-dichlQropheny]>l- 
20 ethylimidazole-2-carboxamide, 

(47) iV^exyl)^-(4^hloiophenyl>5-(2,4-dicMorophenyl)-l- 
ethylimidazole-2-carboxamide, 

(48) i\Kcyclohexyl)4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)-l- 
ethylimidazole-2-carboxamide, 

25 (49) cyclohexy] 4~(2,4-dichloropheny])-5-(4-chIorophenyl)-l- 

methyUmidazole-2-caiboxylate, 

(50) iV r -methyl-iV^yclohexyl-4^2,4^chlorophenyl)-5-(4-chloropheiiyl)- 1- 
methylimidazole-2-carboxylate, 

(51) ethyl 4-(2,4-dichlorophenyl)-5-(4-chloro^ 
30 carboxylate, 

and pharmaceutical^ acceptable salts thereof. 

12. The method according to Claim 1 1, wherein the compound of 
structural formula I is selected from: 
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(1) tf^cyclah«ji>4^ 
methylimidazole-2^arboxamide, 

(2) tf-(cyclohexyl)^(2^ 
ethylimdazole-2-carboxairdde, 

5 (3) #-(piperidin-l-yl)-4K2^ 

methylimidazoler2-carboxamide, 

(4) A^cycloba^ 
carboxamide, 

(5) ^(cycloheptyl)^2,4-dicMorophenyl)-5<4-chlorophenyl)--l- 
10 methyliinidazole-2-carboxamider 

(6) JV-(piperidin-l-yl)-4,5^ 
carboxamide, 

(7) AHcyclopentyl)^(2,4-d^ 
methyhmidazole-2-carboxamide, 
15 and pharmaceutical^ acceptable salts thereof. 

13. The method according to Claim 12, wherein the compound of 
structural formula I is selected from: 

(1) JV^cyclohexylW 

20 methyliiuidazole-2-carboxamide, 

(2) tf-(piperidin-l-yl)-4-^ 
methylimidazole-2-carboxamide, 

(3) tf^cydohexy^^ 
carboxamide, 

25 and pharmaceutical^ acceptable salts thereof. 

14. The method according to Claim 1, wherein the compound of 
structural formula I is selected from: 

(1) AHcyclohexyi)^ 
30 carboxamide, 

(2) JV^cyelohttyl)^ 
imidazole-2-carboxamide, 

(3) i\T-(cyclohexylH<2,4-dicMorophenyl)-5<4-chlorophenyl)-l-(l,l- 
dimethyl)ethyl4midazole-2-carboxamide, 



-99- 



WO 03/007887 PCT/US02/23230 



(4) A^-(cyclohexy])^2,4-dichlorophenyl)-5-(4-chlorophenyl)-l-(2- 
dimethylanrino)ethylimidazole-2--carboxaniide, 

(5) iV-(cyclohexyl)^(2,4-dicMorophra^^ 
carboxamide, 

5 (6) iV-(cyclohexyl)-4-(2,4-dichloropheiiyl)-5-(4-chlorophenyl)-l-(2- 
methoxy)ethyUnudazole-2^arboxanodde, 

(7) NKpiperidin-l-yl)-5K4-cMoroph^ 
imidazole-2-carboxamide, 

(8) N^pyiroUdin-l-yl)-5-(4-chto 
10 imidazole-2-caiboxamide, 

(9) N^azepin-l-yl)-5-(4^hloro^ 
imidazole-2-carboxamide, 

(10) JV-(pentyl)-4~(2,4-dichlorophe^^ 
carboxamide, 

15 (11) iVKl^thylpropyl)^2,4KKcMorophenyl>5<4-chlorophenyl> 
methylimidazole-2-carboxamide, 

(12) i\Hl-methylethylM-(2,4^ 
methylin)idazole-2-caiboxamide, 

(13) JV-(3^yclohexenyl)^(2,4-dichlorophenyl)-5K4^hloropheiiyl)-l- 
20 methylimidazoIe-2-carboxamide, 

(14) AKtetrahydropyran^^ 
mefliylimidazole-2-carboxamide, 

(15) i\T-(2,2^methyl-tetrahydi^ 
chloropbenyl)-l-me1hyliirddazole-2^aiboxamide, 

25 (16) iV^(2-trans-hydtoxyme^ 

chlorophenyl)-l-methyUmidazole-2^arboxamide, 

(17) jV^((2^is-hydroxymethyl)cyd^ 
chlorophenyl)-! -methylinudazole-2-carboxainide, 

(18) iV-((2~ti^-hydroxy)cyc^ 

30 methylimidazole-2-carboxamide, 

(19) 7V-((2^s-hydroxy)cyclohexyl)4^ 
methylimidazole-2-carboxamide, 

(20) iV'-((4-trans-hydroxy)cyclohexyl)^(2,4-dicMoroph^ 
methylimidazoIe-2-carboxamide, 
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(21) iV-(4-methyl-cycloh^ 
methylimidazole-2K;aiboxainide (Isomer A), 

(22) iV-(4-methyl^yclohexyl)^(2 > 4^chlorophenyl)-5^4-chl^ 
metiiylimidazole-2<arboxai]aide (Isomer B), 

5 (23) AKl-fluoro~cyclohexen^yI)^(2>4-dic^^ 
methylimidazole^-carboxamide, 

(24) N-(4,4-difluoro-cyclohexyl)^-(2,4^chlorophenyl)-5-(4-chlorophen 
methylimidazole-2-carboxamide, 

(25) 4^2,4-dichlorophenyl>5-(4^Morophenyl)-l^ 
10 (26) i^(piperidin4-yl)-5^4-chlorophenyl)^ 

imidazole-2-caxboxamide, 

(27) N^iperidin^-yl)-5K4-cMorophen^ 
methyl)ethyl~imidazoIe-2-caxboxamide, 

(28) N-(piperidin-l-yl)-5K4^Morophen^ 

15 dtoethyl^thyHmidazole-^carboxamide, 

(29) N-(piperidin-l-yl>5^4^hIorophenyO^ 
dimethylamino)ethyl-imidazole-2-carboxainide, 

(30) N-(piperidin-l-yl)-5-(4-chlorophe 
imidazole-2-carboxamide, 

20 (31) N-(piperidin-l-yl)-5K4K;Mora^^ 
imidazoIe-2-carboxamide, 

(32) N^piperidin-l-yI)-5<4^MorophenylH<2,4^cWorophenyl)-l-(2- 
methoxy)ethyl--imidazoIe-2-carboxamide, 

(33) #<cyclohexyl)^(2^hlo^^ 
25 carboxamide, 

(34) Ar^ipem(ttn-l-ylM-(2^hloro^ 
2-carboxamide, 

and pharmaceutically acceptable salts thereof. 

30 15. A method of preventing obesity in a person at risk for obesity 

comprising administration to said person of about 0.001 mg to about 100 mg per kg of 
a compound of structural formula I: 
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(I) 


wherein; 




Rl is selected from: 


(1) 


hydrogen, 


(2) 


Ci-ioalkyl, 


(3) 


C2-10alkenyl, 


(4) 


C2-10aUcynyl, 


(5) 


cycloalkyl, 


(6) 


cycloalkyl-Ci-ioalky], 


(7) 


cycloheteroallcyl, 


(8) 


cycloheteroalkyl-Ci-ioalkyl, 


(9) 


aryl, 


(10) 


heteroaryl, 


(ID 


aryl-Ci_ioalkyl, ^ 


(12) 


heteroaryl-Ci-ioalkyl; 



wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl and heteroaryl are 
optionally substituted with one to four substituents independently selected from R b ; 
20 R2 is selected from: 



(1) 


Ci-io alkyl, 


(2) 


C2-10 alkenyl, 


(3) 


C2-10 alkynyl, 


(4) 


cycloalkyl, 


(5) 


cycloalkyl-Ci-io alkyl, 


(6) 


cycloheteroalkyl, 


(7) 


cycloheteroalkyl-Ci-io alkyl, 


(8) 


aryl, 


(9) 


heteroaryl, 
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(10) aryl-CMOalkyl, 

(11) heteroatyl-Ci-ioalkyl, 

(12) -OR d 

(13) -NR d R e , and 

5 (14) -NRdS(0) m Re; 

wherein alky], alkenyl, alkynyl, and cycloalkyl are optionally substituted with one tc 
four substituents independently selected from R a , and aryl, cycloheteroalkyl, and 
heteroaryl are optionally substituted with one to four substituents independently 
selected from R b ; 

10 Arl and Ar2 are independently selected from phenyl, naphthyl, thienyl, furanyl, 
pyrrolyl, benzothienyl, benzofuranyl, indanyl, indenyl, indolyl, tetrahydronaphthyl, 
2,3-dihydrobenzofuranyl, dihydrobenzopyranyl, and 1,4-benzodioxanyl, each 
optionally substituted with one or two groups independently selected from R<=; 
each R a is independently selected from: 

15 (1) -OR d > 

(2) -NRdS(0)mRe 

(3) -N02, 

(4) halogen, 

(5) -S(0) m R d 

20 (6) -SR d , 

(7) -S(0)20R d 

(8) -S(0)mNR d R e , 

(9) -NR 0 !^, 

(10) -0(CR f Rg) n NR d R e . 
25 (U) -C(0)R d 

(12) -C02R d 

(13) -C02(CR*Rg) n CONR d R e , 

(14) -OC(0)R d , 

(15) -CN, 

30 (16) -QOJNRdRe 

(17) -NRdCCO^e 

(18) -OC(0)NR d R e , 

(19) -NR d C(0)OR e , 

(20) -NR d C(0)NR d R e , 
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(21) -CR d (N-OR e ), 

(22) CF3, 

(23) -OCF3, 

(24) C3-8cycloalkyI, and 
5 (25) cycloheteioalkyl; 

each R° is independently selected from: 

(1) R* 

• (2) Ci-ioalkyl, 

(3) C2-10 alkenyl, 

10 (4) C2-10 alkynyl, 

(5) aryl, and 

(6) aryl-Ci-ioalkyl; 

wherein alkyl, alkenyl, alkynyl, and aryl are optionally substituted with one to four 
substituents selected from a group independently selected from R c ; 
15 each R c is independently selected from: 



(1) 


halogen, 


(2) 


-NR d R e 


(3) 


Ci_4alkyl, 


(4) 


Ci-4alkoxy, 


(5) 


aryl, 


(6) 


aryl Ci^alkyl, 


(7) 


hydroxy, 


(8) 


CF3, 


(9) 


-OCF3, 


(10) 


-C(0)R d 


(ID 


-C02R d 


(12) 


-C(0)NR d R e , 


(13) 


-0C(O)CMalkyl, 


(14) 


-NRdC^Re, 


(15) 


-OC(0)NR d R e , 


(16) 


-NRdC(0)ORe 


(17) 




(18) 


-0C(O)NR d Re, and 


(19) 


aryloxy, 
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R d and R e are independently selected from hydrogen, Ci-ioalkyl, unsubstituted or 
substituted with one to three substituents selected from Rh, C2-10 alkenyl; C2- 
lOalkynyl; cycloalkyl, unsubstituted or substituted with one to three substituents 
c^w^h from Ph- rv^loal1cvl-ni_inalkvl: cvcloheteroalkvl unsubstituted or 
5 substituted with one to three substituents selected from Rh; cycloheteroalkyl-Cj-io 
alkyl; aryl, unsubstituted or substituted with one to three substituents selected from 
Rh; heteroaryl, unsubstituted or substituted with one to three substituents selected 
from Rh; aryl-Ci-ioalkyl; and heteroaryl-Cnoalkyl; or 

R d and R e together with the atom(s) to which they are attached form a heterocyclic 
10 ring of 4 to 7 members containing 0-2 additional heteroatoms independently selected 
from oxygen, sulfur and N-R d ; 

R f and Rg are independently selected from hydrogen, Ci-ioalkyl, C2-10 alkenyl, C . 
lOalkynyl; cycloalkyl; cycloalkyl-Ci-io alkyl; cycloheteroalkyl; cycloheteroalkyl-Ci- 
10 alkyl; aryl; heteroaryl; aryl-Ci-io alkyl; and heteroaryl-Ci-10 alkyl; or 
15 Rf and Rg together with the carbon to which they are attached form a ring of 5 to 7 
members containing 0-2 heteroatoms independently selected from oxygen, sulfur and 
nitrogen; 

each Rh is independently selected from: 

(I) halogen, 
20 (2) amino, 

(3) carboxy, 

(4) Ci-4alkyl, 

(5) Ci-4alkoxy, 

(6) aryl, 

25 (7) aryl Ci-4alkyl, 

(8) hydroxy, 

(9) CF 3 , 

(10) OC(0)Ci_4alkyl, and 

(II) aryloxy; 

30 m is selected from 1 and 2; and 
n is selected from 1, 2, and 3; 
and pharmaceutically acceptable salts thereof. 

16. A compound selected from: 
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(1) benzyl 4,5-^phenyl-l-methyliiiiidazole-2-carboxylate, 

(2) benzyl 4,5-di^4-methylphenyl)-l-methylinridazole-2^rt)oxylate, 

(3) ethyl 4^-di-(4-methylphenyl)-l-methyUn)idazole-2K:arboxylate, 

(4) N-(piperidin-l-ylM,5^phenyl-l^ 
5 (5) 2-(piperidin-l-ylcarbonylM^ 

(6) iHmorphoUn^yIM>diphenyM^ 

(7) tf-phenyM,5^phenyl-l~methyl™ 

(8) N-hexyl^,5-diphenyl-l-methyIii^ 

(9) iV^yclohexyM,5-dipbenyl-l-methylimidazole-2^arboxanri 

10 (10) tf-(piperidin-l-ylM»5<M 

carboxamide, . 

(11) 2-(piperidin-l-ylcaibonylH»5-di-<4--metiiylphenyl)-l- 
methylimidazole, 

(12) J\KmorphoBn^-ylM,5-di-(^ 
15 carboxaroide, 

(13) 2-(pyiroU<Bn-l-ylcaibonylH»5-^-(4-methylphenyl)~l-- 
methylimidazole, 

(14) jV-benzyM,5-dH4-methylphenyl^ 

(15) JV-phenyM,5-<fi<4-methylphm^ 

20 (16) J\^hexylA5-dK4-methylphenyl)-l-^^ 

(17) JV-t-butyM,5^-(4-methyty^ 

(18) iV^yclohexyM,5-di-(4-methylphenyl)-l-methylim 
carboxamide, 

(19) i^propyM,5«di<4-methylphenyl)-l-methylimidazole-^ 
25 (20) iV-methyM,5^-(4-methylphen^ 

(21) benzyl 4 7 5-di-(4^WoropheByl)-l-methylimidazole-2-carboxylate, 

(22) N^piperidin-l-ylM,5^-(4K^ 
carboxamide, 

(23) 2-(piperidin-l-y]carbonyl^ 

30 (24) tf<morpholin-l-ylM>5^<4^ 

carboxamide, 

(25) JV^exylM> 5 -<fc-(4-chlo^ 

(26) iV-(t-butylM,5^-(4^Morophenyl^^ 

(27) JV<cyclohexyl)A5^^4^hIarophenyI)^^ 
35 carboxamide, 
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(28) N-hexyM^^^^hloropheny^iinidazol^-carboxamide, 

(29) i^-cyclohexyM,5^-(4^hlorophenyl)iiradazole-2-caxboxaiiiide, 

(30) W-t-butyM,5-diK4^Worophenyl)inudazole-2-carboxaniide, 

n l ^ hftnzvl 4.5-di-f4-chloroT)henvl*)-l-(2- 

\" -/ ■>- ■ • ■ 

(trimethylsilyl)ethoxymethyl)iinidazole-2-caitK)xylate, 

(32) ^-(piperidin-l-ylH-S^^hlorophenyl^midazole^arboxaimde^ 

(33) JV^iperidin4-ylH,5^-(2,4-dichlorophenyl)4-methyUmidazole-2- 
caiboxamide, 

(34) AKcyclohexylH,5^2,4^cMorophenyl)-l-methylimidazole-2- 
carboxamide, 

(35) ^(piperi<Kn-l-yl)^(4K;hloiophenyl)-5-(2,4-dicblorophenyl)-l- 
methylimidazole-2-carboxamide, 

(36) JV-(cyclohexyl)-4-(4-chlorophenyl)-5-(2,4-dichlorophenyl>l- 
methylimidazole-2-carboxamide, 

(37) iV^hexyl)-4-(4-chlorophenyl)-5-(2,4-dicblorophenyl)-l- 
methylimidazole-2-carboxaniide, 

(38) iV r -(t-butyl)-4-(4-chloropheny])-5-(2,4-dichlorophenyl)-l- 
methylinudaz»le-2-carboxamide, 

(39) ]V-(cyclohexyl)-4-(2,4-dichloiopb6nyl)-5-(4-cblorophenyl>l- 
methylimidazole-2-carboxamide, 

(40) iV^-(piperidin-l-yl)r4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)-l- 

methylimidazole-2-caiboxamide, 

(41) N-(cycloheptyl>4-(2,4-dichlorophenyl>5-(4-chlorophenyI)-l- 
methylimidazole-2-caiboxamide, 

(42) i\T-(cyclopentyl)-4-(2,4-dichloiophenyl)-5-(4-chlorophenyl)-l- 

methylimidazole-2-carboxamide, 

(43) ^-(moiphobn-4-yl)^-(2,4-dichlorophenyl)-5-(4-chloropheny])-l- 

methylimidazole-2-cafboxamide, 

(44) iV-(pheny])-4-(2,4-dichloTophenyl)-5-(4-chlorophenyl)-l- 
methylimidazole-2-carboxamide, 

(45) iV-teiperidin-l-ylM^^Worop^ny 1 )^^ 
ethylimidazole-2-carboxamide, 

(46) iV-(cyclohexyl)-4-(4-cblorophenyl>5-(2,4-dichlorophenyl)-l- 
ethylimidazole-2-carboxaD3ide, 
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(47) AT-(hexyl)^(4^hlorophenyl)-5^2 9 4-fichlorophenyl)-l- 
ethylimida2ole-2^arboxamide, 

(48) i^(cyclohexyl)^(2,4^chlorophenyl)-5<4^hlorophenyl)-l- 
ethyliimdazoIe-2-carboxamide, 

5 (49) cyclohexyl 4-(2,4-dichlorophenyI)-5-(4-chlorophenyl)-l- 

methylimida2ole-2-carboxylate, 

(50) ^methyl-AT^yclohra^ 
methylimidazole-2-carboxylate, 

(51) ethyl 4^2,4^cMorophenyl)-5-(4^hloro^^ 
10 carboxylatd, 

(52) N-(cyclohexyl)^(2,4^chlorophenyl>5-(4-chl0rophenyl)-l- 
ethylimidazoIe-2-carboxamide, 

(53) N-(cyclohexyl)^(2,4-dicMorophenyl)-5-<4-chlorophenyl)-l-(l- 
methyl)ethyl-imidazoIe-2-carboxamide, 

15 (54) N-^cyclobexyl)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)-l-(l,l- 

dimethyl)ethyl-imidazole-2^aiboxainide, 

(55) N-(cyclohexyl>4-(2,4^c^^ 
dimethylainino)ethyUinidazole-2^aitK)xainide, 

(56) N-(cyclohexyl)-4-(2,4-dichlorophetiyl)-5-(4-cMoropheTiyl)-l- 
20 butyHmidazole-2-carboxamide, 

(57) N-(cyclohexyl)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)-l-(2- 
methoxy)ethylimidazole-2-carboxamide, 

(58) N-(piperidin-l-yl>5K4^hlo^^ 
methyl-imidazole-2-caiboxamide, 

25 (59) N-(pyrroKdin-l-yl)-5-(4^ 

methyl-iniidazole-2-carboxamide, 

(60) N-(azepin-l-yl)-5-(4^Morophra^ 
imidazole-2-carboxamide, 

(61) N-(pentyl)^(2,4-dicUoiophenyl>*5--(4-^hlorophenyl)-l- 
30 methylimidazole-2-carboxamide, 

(62) N-(l-ethylpropyl)-4-(2,4-dichlorophenyl>5-(4-chlorophenyl)-l- 
methylimidazole-2-carboxamide, 

(63) N<l-methylethylH-(2,4^chlorophenyl)-5-(4^hloiophenyl)-'l- 
methylimidazolc-2-carboxamide, 
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(64) N-(3-cycIohexenyl)-4-(2,4-dichlorophenyl>5-(4-chlorophenyI)-l- 
methylimidazole-2-carboxaraide, 

(65) N^tetrahydropyran^ 

l-methyliraidazoIe-2-carboxaoiide, 

(66) N-(2^^ethyl-tetrahydropycan^yl)^2,4-dichlorophenyl)-5-(4- 
chlorophenyl)-l-methyliniidazole-2-carboxanride, 

(67) N-((2-trans-hydroxymethyI)cyclohexyl)-4-(2,4-dichlorophenyl)-5-(4- 
chlorophenyl)-l-methylimidazole-2-carboxamide, 

(68) N<(2^s^ydroxymethyl)cyclohexyI)^(2,4^dichlorophenyl)-5-(4- 
chloropheny!)-l-methylimidazole-2-carboxamide, 

(69) N-((2-trans-hydroxy)cyclohexyl)^(2AdichlOTophenyl)-5-(4- 
chlorophenyl)-l-methy]imidazole-2-carboxamide, 

(70) N-^-cis-hydroxy^yclohexyD^^cWoropheny^^ 
cMorophenyl)-l-me%liirudazole^2^arboxainide, 

(71) N-((4-trans-hydroxy)cyclohexyl)-4-(2,4-dichlorophenyI)-5-(4- 
cMorophenyl)-l-methyliinidazol&-2-carboxamide, 

(72) N<4-methyl^yclohexylH<2,4^cbJorophenyl)-5K4-chloropheny])- 
l-methylimidazole-2-carboxainide (Isomer A), 

(73) NK4-memyl^yclohexyl)-4^2 J 4-dichlorophenyl)-5-(4-chlorophenyl)- 
l-methy]imidazole-2-carboxamide (Isomer B), 

(74) N-(l-fluoro-cyclohexen-4-ylH-<2,4-dichlorophenyI)-5-(4- 
chJorophenyl)4-methylimidazoIe-2-carboxamide, 

(75) N-(4,4-difluoio-cycIohexyl)-4-(2,4-dichlorophenyl)-5-(4- 
cMorophenyl)-l-methylimidazole-2-carboxamide, 

(76) ^^cbJoropheny^S^hloropheny^l-me^limidazoIe^- 
caiboxamide, 

(77) N-G>iperidm-l-y])-5-(4-ch^ 
imidazoIe-2-carboxamide, 

(78) N-(piperidm-l-yl>5K4K:MorophenyI)^2,4-dichlorophenyl)-l-(l. 
methyl)ethyl-imidazole-2-carboxamide, 

(79) N-(piperidin-l-yl>5-(4-chIorophenyl)-4-(2 ) 4-dichlorophenyI)-l-(l,l- 
dimethyl)ethyl-imidazole-2-carboxamide, 

(80) N-(piperidin-l-yl)-5-(4-chIorophenyl)^-(2 J 4-dichIorophenyl>l-(2- 
dimemyIamino)ethyl-iniidazole-2-caiboxamide, 
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(81) N-(pipOTdin-l-yl)-5-(4^hto 
propyl-imidazole-2-carboxamide, 

(82) N-(piperidin-l-yl)-5-(4-chloropheny 
inudazole-2-carboxamide, 

5 (83) N-(piperidin-l-yl)-5-(4^^ 

methoxy)ethyI-imidazoIe-2-caiboxamide, 

(84) N-(cyclohexyl)-4-(2-cMorophenyl)-5-(4-cWorophenyl)-l- 
methyhmid^ole-2-carboxamide, 

(85) NKpiperidin-l-yl)-4-(2-chloropte 
10 imidazole-2-carboxamide, 

and pharmaceutical^ acceptable salts thereof . 

17. The compound according to Claim 16 selected from: 
(1) benzyl 4,5-diphenyl-l-methylimidazoIe-2-caiboxylate, 
15 (2) benzyl 4,5^i-(4-methylphenyl)-l-methylimidazole-2-carboxylate, 

(3) ethyl 4,5^-(4-methylphenyl)-l-methylimidazole-2-carboxylate, 

(4) JV^peridfo-l-yl)A5-diphenyl-l-me 

(5) 2-(piperidin-l-ylcarbonylM,5^phenyl-l-methylimidazole, 

(6) iV^morpholin^yl)^,5^phenyl-l-methylinMdazole-2^arboxamide, 
20 (7) iV-phenyM,5^phenyl-l-methyliinidazole-2^arboxamide, 

(8) i^hexyl-4,5^phenyl-l-methyUmidazole-2^aitoxaimde, 

(9) iV-cyclohexyM,5-diphenyl-l-methylimidazole-2^aiboxamide t 

(10) iV^iperidin-l-ylM,5^K4-metihylphenyl>l-methyliim 
caiboxamide, 

25 (11) 2^iperidin-l-ylcarbonyl)-4,5-di-(4-methylphenyl)-l- 

methylimidazole, 

(12) AHniorpholin^ylH>flK4-methylp^ 
carboxamide, 

(13) 2^yrrolidin-l-ylcarbonyl)-4,5-di-(4-methyIphenyl)-l- 
30 methylimidazole, 

(14) i\^benzyM,5KU-(4-methylpheny^ 

(15) AT-phenyM,5-di-(4-methylphenyl^^ 

(16) iV^hexyM,5^-(4-methylpheny])-l-me&^ 

(17) ^t-butyM,5-di-(4-methy^ 
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(18) AT-cyclohexyW,5^ 
carboxaniide, 

(19) iV-propyM,5^K4-niethy^^ 

(20) A T -methyM,5^-(4-methyIphcny]>^ 

5 (21) benzyl 4,5^<4K:hlorophenyl>l-methylimidazoIe-2-carboxylate, 

(22) #-(piperidin-l-ylM^-&K4^ 
carboxamide, 

(23) 2-(piperidin-l-ylcarbonylH,5-di-^ 

(24) 7SKmorphoUn-l-ylM,5^<4^ 
10 carboxamide, 

(25) iV-(hexyl)A5^K4K;Morophenyl)-l-m^ 

(26) JV-(t-butyl)A5^-(4-chloro^^ 

(27) j\Kcyclohexyl)^,5-dH4^Moroph^^^ 
carboxamide, 

15 (28) N-hexyM,5^K4^Morophenyty^ 

(29) JV^yclohexyM,5^-(4^hlorophe^ 

(30) jV4-butylA5^K4^Moropto 

(31) benzyl 4 J 5-di-(4-cWorophenyl)-l-(2- 
(trimethylsilyl)ethoxymethyty^ . 

20- (32) jV-(piperidin-l-ylM>5-di^^ 

(33) N-(piperidin-l-ylM,5^<2,^ 
carboxamide, 

(34) i\KcyclohexylM,5^-(2,4-dicM^^ 
carboxamide, 

25 (35) N-(piperidin-l-yl)^ 

methylimidazole-2-carboxaniide, 

(36) ^cyclohexyl)^(4K:Morophenyl>5<2,4-dichlorophenyl)-l- 
methylimidazole-2-caiboxamide, 

(37) //Khexyl)-4-(4-cMorophenyl)-5-(2,4-dichlorophenyl)-l- 
30 methyHmidazole-2-carboxamide, 

(38) i\r-(t-butylH<4^hloK)phenyl)-5K2,4^cWorophenyl>l- 
methyliniidazole-2-carboxamide, 

(39) JV-(cyclohexyl)^(2,4-dichlorophenyl)-5-(4-chloiophenyl>l- 
methylimidazole-2-carboxamide, 
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(40) iV-(piperidin-l-yl)^(2,4K^ 
methylimidazole-2-carboxamide, 

(41) i\KcydoheptylM-(2/l-dichIoroph 
methyliroidazole-2-carboxamide, 

5 (42) i^(cyclopentyJ)^(2,4-dichlorophenyl)-5-(4-chlorophenyl)-l- 

methy]imidazole-2-carboxaTnide 5 

(43) i^<morphoUn^-yl)^(2 J 4-dichlorophenyl)-5-(4-chloiop 
methyliroidazole-2-carboxamide, 

(44) JV-(phenyI)^(2,4-dichlorophenyl)-5--(4-chlorophenyI)-l- 
10 methylirnidazole-2-carboxamide, 

(45) JV-(piperidin-l-yl)-4^4^hlorophenyl)^^ 
ethylimidazole-2-carboxami de, 

(46) iV-(cyclohexyl)^(4-chIoropheny])-5-(2,4KficWorophenyl>l - 
ethylimidazole-2-carboxamide, 

15 (47) ^(hexyl)^4<Worophenyl>5-(2,4^chloropheiiyl)-l- 

ethylimidazole-2-carboxamide, 

(48) iV-(cyclohexyl)^(2,4-^chlorophenyl)-5-(4-chlorophenyl>l- 
ethylimidazole-2-carboxamide, 

(49) cyclohexyl 4-(2,4-dicMoxophenyl)-5-(4-chlorophenyl)-l- 
20 methylimidazole-2-carboxylate, 

(50) iV-methyl-i\teyclohexy]^ 
methyliirudazole-2-carboxylate, 

(51) ethyl 4-(2,4^cUOTophenyl>5-(4-chlOT^ 
caiboxylate, 

25 and phannaceutically acceptable salts thereof. 

18. The compound according to Claim 17, selected from: 
(1) iV-(cyclohexyl)-4-(2,4-dicWorophenyl)-5-(4-chlorophenyl)-l- 
metbyKmidazole-2-carboxamide, 
30 (2) N<cyclohexylH-(2,4-dichlorophenyl)-5-(4-chlorophenyl)-l- 

ethylimidazole-2-carboxamide, 

(3) iV^iperidm-l-yl)^(2,4-dcM^ 
methyUmidazole-2-carboxamide, 

(4) N^cyclohexylM,5^-(2,4-dichloio^^ 
35 carboxamide, 
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(5) JV<cycloheptyl)^K2 5 4^chlorophenyl)-5-(4-chlorophenyl)-l- 
methyHmidazole-2-carboxamide, 

(6) iV-(piperidin-l-yl)^,5-di-(2,4-dic^ 
carboxamide, 

5 (7) 2\Kcyclopenty]MK 2 >4^c^ 

methylimidazole-2-carboxarnide, 
and pharmaceutically acceptable salts thereof. 

19. The compound according to Claim 1 8, selected from: 
10 (1) iV-(cyclohexyl)-4-(2,4-dichlorophenyl>5-(4-chlorophenyl)-l~ 

methylimidazole~2-carboxainide, 

(2) N-(piperidin-l-yl)^(2,4-dichlorophenyl>5-(4-chlorophenyl)-l- 
methylimidazole~2-caiboxamide, 

(3) JV^cyclohexylH,5-di-(2,^^ 
15 carboxamide, 

and pharmaceutically acceptable salts thereof. 

20. A composition comprising a compound according to Claim 16 and 
a pharmaceutically acceptable carrier. 

20 

21. A method of preventing obesity in a person at risk for obesity 
comprising administration to said person of about 0.001 to about 100 mgflcg of a 
compound according to Claim 16. 

25 22. A composition comprising a pharmaceutically effective amount of 

a compound of structural formula I: 

°y r2 

r \A n 

Ar 1/ ^V 
0) 

or a pharmaceutically acceptable salt thereof, wherein; 
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Rl is selected from: 


(1) 


hydrogen, 


(2) 


Ci-ioalkyl, 


(3) 


C2-10alkenyl, 


(4) 


C9-iflalkvnvl. 


(5) 


cycloalkyl, 


(6) 


cycloalkyl-Cnoalkyl, 


(7) 


cycloheteroalkyl, 


(8) 


cycloheteroalkyl-Ci-ioalkyl, 


(9) 


aryl 


(10) 


heteroaryl, 


(ID 


aryl-Ci-ioalkyl, and 


(12) 


heteroaryl-Ci-ioalkyl; 



wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 



15 four substituents independently selected from R a , and aryl and heteroaryl are 

optionally substituted with one to four substituents independently selected from R b ; 





R2 is selected from: 




(1) 


C MO alkyl, 




(2) 


C 2-10 alkenyl, 


20 


(3) 


C 2-10 alkynyl, 




(4) 


cycloalkyl, 




(5) 


cycloalkyl-C i-io alkyl, 




(6) 


cyclohetero alkyl, 




(7) 


cycloheteroalkyl-C no alkyl, 


25 


(8) 


aryl, 




(9) 


heteroaryl, 




(10) 


aryl-C l-io alkyl, 




(ID 


heteroaryl-C l-io alkyl, 




(12) 


-ORd 


30 


(13) 


-NR d R e , and 




(14) 


-NRds(0)mRe; 




wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 



four substituents independently selected from R a , and aryl, cycloheteroalkyl, and 
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heteroaryl are optionally substituted with one to four substituents independently 
selected from 

Arl and Ar2 are independently selected from phenyl, naphthyl, thienyl, furanyl, 
wcmvOiri ViOT^ntfii^Ti^/l KpnTrkfnr^nvl inrtanvl inHp.nvl. fnHnlvl tetrahvdronanhthvl. 
5 2,3-dihydrobenzofuranyl, dihydrobenzopyranyl, and 1,4-benzodioxanyl, each 
optionally substituted with one or two groups independently selected from RC; 
each R a is independently selected from: 

(1) -OR d , 

(2) -NRdS(0) m Re 

10 (3) -NO2, 

(4) halogen, 

(5) -S(0) m Rd 

(6) -SR d , 

(7) -S(0)20Rd 

15 (8) -S(0) m NRd R e 

(9) -NRdRe 

(10) -OCCRfRgJnNRdRe, 

(11) -C(0)Rd 

(12) -C02R d . 

20 (13) -C02(CR f Rg)nCONR d Re 

(14) -OC(0)Rd 

(15) -CN, 

(16) -C(0)NR d Re 

(17) -NRdC(0)Re, 
25 (18) -OC(0)NR d Re 

(19) -NRdC(0)OR e , 

(20) -NRdC(0)NRdRe 

(21) -CR d (N-ORe), 

(22) CF 3 , 
30 (23) -OCF3, 

(24) C3_8cycloalkyl, and 

(25) cycloheteroalkyl; 

each R° is independently selected from: 
(1) Ra 
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(2) Ci-io alkyl, 

(3) C2-10 alkenyl, 

(4) C2-10 alkynyl, 

(5) aryl, and 

.5 (6) aryl-Ci-ioalkyl; 

wherein alkyl, alkenyl, alkynyl, and aryl are optionally substituted with one to four 
substituents selected from a group independently selected from R c ; 
each R c is independently selected from: 





(1) 


halogen, 


10 


(2) 


-NRdRe 




(3) 


Ci-4 alkyl, 




(4) 


Ci-4 alkoxy, 




(5) 


aryl, 




(6) 


aryl Ci-4 alkyl, 


15 


(7) 


hydroxy, 




(8) 


CF3, 




(9) 


-OCF3, 




(10) 


-C(0)Rd 




(11) 


-C02R d , 


20 


(12) 


-C(0)NRdRe, 




(13) 


-OC(0)Ci^alkyl, 




(14) 


-NRdC(0)Re, 




(15) 


-OC(0)NRdRe, 




(16) 


-NRdC(0)ORe, 


25 


(17) 


-NRdC(0)NRdRe, 




(18) 


-OC(0)NRdRe and 




(19) 


aryloxy; 



R d and R e are independently selected from hydrogen, Cuoalkyl, unsubstituted or 
substituted with one to three substituents selected from Rh, C2-10 alkenyl; C2- 
30 loalkynyl; cycloalkyl, unsubstituted or substituted with one to three substituents 
selected from Rh; cycloalkyl-Ci_ioalkyl; cycloheteroalkyl, unsubstituted or 
substituted with one to three substituents selected from Rh; cycloheteroalkyl-Ci-io 
alkyl; aryl, unsubstituted or substituted with one to three substituents selected from 
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Rh; heteroaryl, unsubstituted or substituted with one to three substituents selected 
fromRb; aryl-Ci-loalkyl; andheteroaryl-Ci-ioalkyl; or 

R d and R e together with the atom(s) to which they are attached form a heterocyclic 
ring of 4 to 7 members containing 0-2 additional heteroatoms independently selected 

5 from oxygen, sulfur and N-Rd; 

' R f and RS are independently selected from hydrogen, Ci-ioalkyl, C2-10 alkenyl, C _ 
lOalkynyl; cycloalkyl; cycloalkyl-Cl-10 alkyl; cycloheteroalkyl; cycloheteroalkyl-Ci- 
10 alkyl; aryl; heteroaryl; aryl-Ci-io alkyl; and heteroaryl-CMO alkyl; or 
R f and Rg together with the carbon to which they are attached form a ring of 5 to 7 

10 members containing 0-2 heteroatoms independently selected from oxygen, sulfur and 
nitrogen; 

each Rh is independently selected from: 

(1) halogen, 

(2) amino, 
15 (3) carboxy, 

(4) Ci-4alkyl, 

(5) Ci^alkoxy, 

(6) aryl, 

(7) aryl Ci-4alkyl, 
20 (8) hydroxy, 

(9) CF 3 , 

(10) OC(0)Ci-4alkyl,and 

(11) aryloxy; 

m is selected from 1 and 2; and 

25 n is selected from 1 , 2, and 3; 

and an anorectic agent selected from: aminorex, amphechloral, amphetamine, 
benzphetamine, chlorphentennine, clobenzoiex, cloforex, clominorex, clortermine, 
cyclexedrine, dexfenfluramine, dextroamphetamine, diethylpropion, 
diphemethoxidine, N-ethylamphetamine, fenbutrazate, fenfluramine, fenisorex, 

30 fenproporex, fludorex, fluminorex, furfurylmethylamphetamine, levamfetamine, 
levophacetoperane, mazindol, mefenorex, metamfepramone, methamphetamine, 
norpseudoephedrine, pentorex, phendimetrazine, phenmetrazine, phentermine, 
phenylpropanolamine, picilorex and sibutramine; or 



-117- 



WO 03/007887 



PCT/US02/23230 



a selective serotonin reuptake inhibitor selected from: fluoxetine, fluvoxamine, 
paroxetine and sertraline; and a pharmaceutical^ acceptable carrier. 

23. A composition comprising a pharmaceutically effective amount of 
5 a compound of structural formula I: 




CD 

or a pharmaceutically acceptable salt thereof, wherein; 
Rl is selected from: 



10 


(1) 


hydrogen, 




(2) 


Ci-ioalkyl, 




(3) 


C2-10alkenyl, 




(4) 


C2-ioaikynyi. 




(5) 


cycloalkyl, 


15 


(6) 


cycloalkyl-Ci-ioalkyl. 




(7) 


cycloheteroaJkyl, 




(8) 


cycloheteroalkyl-Ci-ioalkyl, 




(9) 


aryl, 




(10) 


heteroaryl, 


20 


(ID 


aryl-Ci-ioalkyl, and 




(12) 


heteroaryl-Ci_ioalkyl; 



wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl and heteroaryl are 
optionally substituted with one to four substituents independently selected from R b ; 
25 R2 is selected from: 

(1) Cmo alkyl, 

(2) C2-10 alkenyl, 

(3) C2-10alkynyl, 

(4) cycloalkyl, 
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(5) 


cycloalkyl- Ci-10 alkyl, 


(6) 


cycloheteroalkyl, 


(7) 


cycloheteroalkyl- Ci-io alkyl, 


(8) 


aryl. 


5 (9) 


heteroaryl, 


(10) 


aryl- Ci-io alkyl, 


(11) 


heteroaryl- Ci-io alkyl, 


(12) 


-ORd 


(13) 


-NR d R e , and 


10 (14) 


-NRdS(0)mRe; 



wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one t< 
four substituents independently selected from R a , and aryl, cycloheteroaikyl, and 
heteroaryl are optionally substituted with one to four substituents independently 
selected from 

15 Arl and Ar2 are independently selected from phenyl, naphthyl, thienyl, furanyl, 
pyrrolyl, benzothienyl, benzofuranyl, indanyl, indenyl, indolyl, tetrahydronaphthyl, 
2,3-dihydrobenzofuranyl, dihydrobenzopyranyl, and 1,4-benzodioxanyl, each 
optionally substituted with oxte or two groups independently selected from RC; 
each R a is independently selected from: 



20 


(1) 


-ORd 




(2) 


-NRds(0) m Re, 




(3) 


-N02, 




(4) 


halogen, 




(5) 


-S(0)mRd, 


25 


(6) 


-SRd 




(7) 


-S(0)20Rd, 




(8) 


-S(0) m NRdRe, 




(9) 


-NRdRe,. 




(10) 


-0(CRfRg)nNRdRe, 


30 


(11) 


-C(0)Rd 




(12) 


-C02Rd, 




(13) 


-C02(CRfRg)nCONRdRe, 




(14) 


-OC(0)Rd, 




(15) 


-CN, 
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(16) -C(0)NRdRe, 

(17) -NRdC(0)Re, 

(18) -OC(0)NRdRe 

(19) -NRdC(0)ORe 

5 (20) -NRdC(0)NRdRe, 

(21) -CRd(N-ORe), 

(22) CF3, 

(23) -OCF3, 

(24) C3-8 cycloalkyl, and 
10 (25) cycloheteroalkyl; 

each Rb is independently selected from: 

(1) R*, 

(2) Cl-ioalkyl, 

15 (3) C2-IO alkenyl, 

(4) C2-10 alkynyl, 

(5) aryl, and 

(6) aryl-Ci-io alkyl; 

wherein alkyl, alkenyl, alkynyl, and aryl are optionally substituted with one to four 
20 substituents selected from a group independently selected from R c ; 
each R c is independently selected from: 

(1) halogen, 

(2) -NR d R e 

(3) Ci_4alkyl, 
25 (4) Ci-4alkoxy, 

(5) aryl, 

(6) aryl Ci^alkyl, 

(7) hydroxy, 

(8) CF 3 . 
30 (9) -OCF3, 

(10) -C(0)R d , 

(11) -C02R d , 

(12) -C(0)NRdR e , 

(13) -OC(0)Ci-4alkyl, 
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10 



15 



(14) -NRdC(0)R e , 

(15) -OC(0)NR d R e , 

(16) -NR d C(O)0R e , 

-i.TT\/1(-!//-vwrr>HT>e 

(18) -OC(0)NRdRe, and 

(19) aryloxy; 

Rd and R e are independently selected from hydrogen, d-ioalkyl, unsubstituted or 
substituted with one to three substituents selected from Rh, C 2 -10 alkenyl; C 2 - 
lOalkynyl; cycloaDcyl, unsubstituted or substituted with one to three substituents 
selected from Rh; cycloalkyl-Q-lOalkyl; cycloheteroalkyl, unsubstituted or 
substituted with one to three substituents selected from Rh; cydoheteroalkyl-Cl-lO 
alkyl- aryl unsubstituted or substituted with one to three substituents selected from 
Rh; heteroaryl, unsubstituted or substituted with one to three substituents selected 
fromRh; aryl-Ci-loalkyl; and heteroaryl-Ci-loalkyl; or 

Rd and Re together with the atom(s) to which they are attached form a heterocyclic 
ring of 4 to 7 members containing 0-2 additional heteroatoms independently selected 
from oxygen, sulfur and N-Rd; 

Rf and Rg are independently selected from hydrogen, d-ioalkyl, Cz-lO alkenyl, C . 
l0 alkynyl; cycloaDcyl; cycloalkyl-Ci-10 alkyl; cycloheteroalkyl; cycloheteroalkyJ-Ci- 
20 10 alkyl; aryl; heteroaryl; aryl-Cl-10 alkyl; and heteroaryl-CMO alkyl; or 

Rf and Rg together with the carbon to which they are attached form a ring of 5 to 7 
members containing 0-2 heteroatoms independently selected from oxygen, sulfur and 
nitrogen; 

each R h is independently selected from: 
25 (1) halogen, 

(2) amino, 

(3) carbpxy, 

(4) Ci^alkyl, 

(5) Ci-4alkoxy, 
30 (6) aryl, 

(7) aryl Ci-4alkyl, 

(8) hydroxy, 

(9) CF3, 

(10) OC(0)Ci-4alkyl> and 
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(11) aryloxy; 
m is selected from 1 and 2; and 
n is selected from 1, 2, and 3; 

and an antidepressant agent selected from: norepinephrine reuptake inhibitors, 
5 selective serotonin reuptake inhibitors, monoamine oxidase inhibitors, reversible 
inhibitors of monoamine oxidase, serotonin and noradrenaline reuptake inhibitors, 
corticotropin releasing factor antagonists, a-adrenoreceptor antagonists and atypical 
anti-depressants, and a phainiaceutically acceptable carrier. 

10 24. The use of a compound according to of structural formula I 




(D 

or a pharmaceutical^ acceptable salt thereof, wherein; 
Rl is selected from: 

(1) hydrogen, 

(2) Ci-ioalkyl, 

(3) C2-10alkenyl, 

(4) C2-10alkynyl, 

(5) cycloalkyl, 

(6) cycloalkyl-Ci-ioalkyl, 

(7) cycloheteroalkyl, 

(8) cycloheteroalkyl-Cnoalkyl, 

(9) aryl, 

(10) heteroaryl, 

(1 1) aryl-Ci-ioalkyl, and 

(12) heteroaryl-Ci-ioalkyl; 

wherein alkyi, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl and heteroaryl are 
optionally substituted with one to four substituents independently selected from R b ; 



15 



20 



25 
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10 



15 



5 



R2 is selected from: 

(1) Ci-ioalkyl, 

(2) C2-K)alkenyl, 

(3) C2-10a&ynyi, 

(4) cycloalkyl, 

(5) cycloalkyl-Ci-ioalkyl, 

(6) cycloheteroalkyl, 

(7) cycloheteroalkyl-Ci-ioalkyl, 

(8) aryl, 

(9) heteroaryl, 

(10) aryl-Ci-iOalkyl, 

(11) heteroaryl-Ci-ioalkyl, 

(12) -OR d 

(13) -NR d R e ,and 

(14) -NRdS(0) m Re; 



wherein alky], alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl, cycloheteroalkyl, and 
heteroaryl are optionally substituted with one to four substituents independently 
selected from R 15 ; 

20 Arl and Ar2 are independently selected from phenyl, naphthyl, thienyl, furanyl, 
pyrrolyl, benzothienyl, benzofuranyl, indanyl, indenyl, indolyl, tetrahydronaphthyl, 
2,3-dihydrobenzofuranyl, dihydrobenzopyranyl, and 1,4-benzodioxanyl, each 
optionally substituted with one or two groups independently selected from R c ; 
each R a is independentiy selected from: 

25 (1) -ORd, 



(2) 
(3) 

(4) 
(5) 

(6) 
(7) 
(8) 

(9) 
(10) 



-NRds(0)mR e , 
-N0 2 , 
halogen, 



30 



-S(0)mR d , 
-SR d , 

-S(0)20R d , 

-S(0) m NR d R e , 

-NR d R e , 

-0(CR r k§)nNR d R e , 
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(11) -C(0)R d , 

(12) -C02R d , 

(13) -C02(CR^.g)nCONR d R e , 

(14) -OC(0)R d , 
5 (15) -CN, 

(16) -C(0)NR d R e , 

(17) -NR d C(0)R e , 

(18) -OC(0)NR d R e , 

(19) -NR^OPRe 

10 (20) -NRdGCOJNR^R 6 , 

(21) -CRtkN-ORe), 

(22) CF3. 

(23) -OCF3, 

(24) C3_8cycloalkyl, and 
15 (25) cycloheteroalkyl; 

each R D is independently selected from: 

(1) Ri, 

(2) Ci-ioalkyl, 

(3) C2-IO alkenyl, 
20 (4) C2-IO alkynyl, 

(5) aryl, and 

(6) aryl-Ci-iOalkyU 

wherein alkyl, alkenyl, alkynyl, and aryl are optionally substituted with one to four 
substituents selected from a group independently selected from R c ; 
25 each R c is independently selected from: 



(1) 


halogen, 


(2) 


-NR d R e 


(3) 


Ci-4alkyl, 


(4) 


Ci_4alkoxy, 


(5) 


aryl, 


(6) 


aryl Ci_4alkyl, 


(7) 


hydroxy, 


(8) 


CF3, 


(9) 


-OCF3, 
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(10) -C(0)R d 

(11) -C02R d , 

(12) -C(0)NR d R e , 

(13) -OC(0)Ci-4aIkyl, 
5 (14) -NRdc^Re, 

(15) -OC(0)NR d R e , 

(16) -NR<te(0)OR e , 

(17) -NR d C(0)NR d R e , 

(18) -OC(0)NR d Re,and 
10 (19) aryloxy; 

R d and R e are independently selected from hydrogen, Ci-ioalkyl, unsubstituted or 
substituted with one to three substituents selected from Rh, C2-10 alkenyl; C2- 
lOalkynyl; cycloalkyl, unsubstituted or substituted with one to three substituents 
selected from Rh; cycloalkyl-Ci-ioalkyl; cycloheteroalkyl, unsubstituted or 
15 substituted with one to three substituents selected from Rh; cycIoheteroalkyl-Ci-io 
alkyl; aryl, unsubstituted or substituted with one to three substituents selected from 
Rh; heteroaryl, unsubstituted or substituted with one to three substituents selected 
from Rh; aryl-Ci-ioalkyl; and heteroaryl-Ci^oalkyU or 

R d and R e together with the atom(s) to which they are attached form a heterocyclic 
20 ring of 4 to 7 members containing 0-2 additional heteroatoms independently selected 
from oxygen, sulfur and N-R d ; 

Rf and RS are independently selected from hydrogen, Ci-ioalkyl, C2-10 alkenyl, C - 
lOalkynyl; cycloalkyl; cycIoalkyl-Ci-io alkyl; cycloheteroalkyl; cycloheteroalkyl-Ci- 
10 alkyl; aryl; heteroaryl; aryl-Ci-io a&yl; a» d heteroaryl-Ci-io alkyl; or 
25 R f and Rg together with the carbon to which they are attached form a ring of 5 to 7 
members containing 0-2 heteroatoms independently selected from oxygen, sulfur and 
nitrogen; 

each Rh is independently selected from: 
(1) halogen, 
30 (2) amino, 

(3) carboxy, 

(4) CMalkyl, 

(5) Ci-4alkoxy, 

(6) aryl, 
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(7) aryl Ci^alkyl, 

(8) hydroxy, 

(9) CF3, 

(10) OC(0)Ci-4alkyl, and 
5 (11) aryloxy; 

m is selected from 1 and 2; and 
n is selected from 1, 2, and 3; 

for the manufacture of a medicament useful for the treatment of a disease mediated by 
the Cannabinoid-1 receptor in a human patient in need of such treatment. 

10 

25. The use according to Claim 24 wherein the disease mediated by 
the Cannabinoid-1 receptor is selected from: psychosis, memory deficit, cognitive 
disorders, migraine, neuropathy, neuro-inflammatory disorders, cerebral vascular 
accidents, head trauma, anxiety disorders, stress, epilepsy, Parkinson's disease, 

15 schizophrenia, substance abuse disorders, obesity, and other eating disorders 
associated with excessive food intake. 

26. The use according to Claim 25 wherein the disease mediated by 
the Cannabinoid-1 receptor is an eating disorder associated with excessive food 

20 intake. 

27. The use according to Claim 26, wherein the eating disorder 
asssociated with excessive food intake is selected from obesity, bulimia nervosa, and 
compulsive eating disorders. 

25 

28. The use according to Claim 27 wherein the eating disorder 
associated with excessive food intake is obesity. 

29. The use of a compound of structural formula I 
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Ok ^R 2 




(D 

or apharmaceutically acceptable salt thereof, wherein; 



10 



Rl is selected from: 


(1) 


hydrogen, 


(2) 


Ci-ioalkyl, 


(3) 


C2-10alkenyl> 


(4) 


C2-ioafcy n y 1 » 


(5) 


cycloalkyl, 


(6) 


cycloalkyl-Ci-ioalkyl, 


(7) 


cycloheteroalkyl, 


(8) 


cycloheteroalkyl-Ci-ioalkyl, 


(9) 


aryl, 


(10) 


heteroaryl, 


(11) 


aryl-Ci-ioalkyl, and 


(12) 


heteroaryl-Ci-ioalkyl; 



15 

wherein aikyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl and heteroaryl are 
optionally substituted with one to four substituents independently selected from R b ; 
20 R2 is selected from: 

(1) Cuoalkyl, 

(2) C2-10alkenyl, 

(3) C2-10 alkynyl, 

(4) cycloalkyl, 

25 (5) cycloalkyl-CMOalkyl, 

(6) cycloheteroalkyl, 

(7) cycloheteroalkyl-C i-io al^yl 

(8) aryl, 

(9) heteroaryl, 
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(10) aryl-Ci-lOalkyl, 

(1 1) heteroaryl-C no alkyl, 

(12) -OR d , 

(13) -NR d R e , and 

5 (14) -NRdS(0)mRe; 

wherein alkyl, alkenyl, alkynyl, and cycloalkyl are optionally substituted with one to 
four substituents independently selected from R a , and aryl, cycloheteroalkyl, and 
heteioaryl are optionally substituted with one to four substituents independently 
selected from Rb; 

10 Arl and Ar2 are independently selected from phenyl, naphthyl, thienyl, furanyl, 
pyrrolyl, benzothienyl, benzofuranyl, indanyl, indenyl, indolyl, tetrahydronaphthyl, 
23-dihydrobenzofuranyi, dihydrobenzopyranyl, and 1,4-benzodioxanyl, each 
optionally substituted with one or two groups independently selected from R c ; 
each R a is independently selected from: 



15 


(1) 


-OR d , 




(2) 


-NRdS(0)mRe 




(3) 


-N02, 




(4) 


halogen, 




(5) 


-S(0) m Rd 


20 


(6) 


-SR d , 




(7) 


-S(0) 2 OR d 




(8) 






(9) 


-NR d R e , 




(10) 


-0(CR f Rg) n NR d R e , 


25 


(11) 


-C(0)R d , 




(12) 


-C02R d , 




(13) 


-C02(CRfRg)nCONR d R e , 




(14) 


-OC(0)R d 




(15) 


-CN, 


30 


(16) 


-C(0)NR d R e , 




(17) 


-NR^CORe 




(18) 


-OC(0)NR d R e , 




(19) 


-NR d C(0)OR e , 




(20) 


-NR d C(0)NR d R e , 
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(21) -CR d (N-OR e ), 

(22) CF3, 

(23) -OCF3, 

(24) C3_8cycloalkyi, and 
5 (25) cycloheteroalkyl; 

each R b is independently selected from: 

(1) R a , 

(2) Ci-ioalkyl, 

(3) C2-IO alkenyl, 
10 (4) C2-10 alkynyl, 

(5) aryl, and 

(6) aryl-Ci-ioalkyl; 

wherein alkyl, alkenyl, alkynyl, and aryl are optionally substituted with one to four 
substituents selected from a group independently selected from R c ; 
1 5 each R c is independently selected from: 

(1) . halogen, 

(2) -NR^R e 

(3) Ci-4alkyl, 

(4) Ci-4alkoxy, 

20 (5) aryl, 

(6) aryl Chalky], 

(7) hydroxy, 

(8) CF3, 

(9) -OCF3, 
25 (10) -C(0)R d , 

(11) -C02R d , 

(12) -C(0)NR d R e , 

(13) -OC(0)Ci-4alkyl, 

(14) -NR d C(0)R e , 
30 (15) -OC(0)NR d R e , 

(16) -NR^OpRe 

(17) -NR d C(0)NR d R e » 

(18) -OC(0)NR d Re, and 

(19) aryloxy; 
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R d and R e are independently selected from hydrogen, Ci-ioalkyl, unsubstituted or 
substituted with one to three substituents selected from R h , C2-10 alkenyl; C2- 
lOalkynyl; cycloalkyl, imsubstituted or substituted with one to three substituents 
selected from Rh; cycloalkyl-Ci-ioalkyl; cycloheteroalkyl, unsubstituted or 

5 substituted with one to three substituents selected from Rh; cycloheteroalkyl-Cl-10 
alkyl; aryl, unsubstituted or substituted with one to three substituents selected from 
Rh; heteroaryl, unsubstituted or substituted with one to three substituents selected 
from Rh; aryl-Ci-ioalkyl; and heteroaryl-Ci-ioalkyl; or 
Rd and R e together with the atom(s) to which they are attached form a heterocyclic 

10 ring of 4 to 7 members containing 0-2 additional heteroatoms independently selected 
from oxygen, sulfur and N-R d ; 

Ri and Rg are independently selected from hydrogen, Ci-ioalkyl, C2-10 alkenyl, C . 
lOalkynyl; cycloalkyl; cycloalkyl-Ci-io alkyl; cycloheteroalkyl; cycloheteroalkyl-Ci- 
10 alkyl; aryl; heteroaryl; aryl-Ci_io alkyl; and heteroaryl-Ci-io alkyl; or 
15 R f and Rg together with the carbon to which they are attached form a ring of 5 to 7 
members containing 0-2 heteroatoms independently selected from oxygen, sulfur and 
nitrogen; 

each Rh is independently selected from: 

(I) halogen, 
20 (2) amino, 

(3) carboxy, 
. (4) Ci_4alkyl, 

(5) Ci-4alkoxy, 

(6) aryl, 

25 (7) aryl Ci^alkyl, 

(8) hydroxy, 

(9) CF 3 , 

(10) OC(0)Ci-4alkyl, and 

(II) aryloxy, 

30 m is selected from 1 and 2; and 
n is selected from 1, 2, and 3; 

for the manufacture of a medicament for the prevention of obesity in a person at risk 
for therefor. 
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